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P E E F A C E. 


I 2 T bringing another edition of the ‘ Connexion of the 
Physical Sciences ’ before the public, I have endea- 
voured to show the progress they have made, and the 
great changes that experimental philosophy has intro- 
duced of late yeara into ihe history of physico-mathe- 
matical research. In consequence of my residence 
abroad, I have been deprived of much assistance and 
information from mj" scientific friends in England, which 
would have proved luo^t useful and available under other 
circumstances. From the same cause I may not have 
explained certain subjects with all the cleanioss I might 
otherwise have done. Perfiaps it may be considered 
that I have adopted ceiiain views and new principles 
before they had been sufficiently established; if so, I 
must jdead as my excuse, the conviction that they will 
ultimately take the rank I have assigned to them in the 
history of science. 
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THE CONNECTION 

OF 

THE PHYSICAL SCIENCES. 


INTEODDOTION. 

Science, regarded as the pursuit of truth, must ever afford 
occupation of consummate interest, and subject of elevated medi- 
tation. The contepiplation of the works of creation elevates the 
mind to the admiration of whatever is great and noble ; accom- 
pli sliing the object of all study, which, in the eloquent language 
of Sir James Mackintosh, “is to inspire the love of trutli, of 
wisdom, of beauty — especially of goodness, the highest beauty— 
and of that supreme and eternal Mind, which contains alV truth 
and wisdom, all beauty and goodness. By the love or delightful 
contemplation and pursuit of these transcendent aims, for theii* 

. \vn sake only, the mind gf man is raised from low and perishable 
objects, and prepared for those high destinies which are appointed 
for all those who are capable of them.” 

Astronomy affords the most extensive example of the connec- 
tion of the i>hysical sciences. In it are combined the sciences of 
iiuuiber and quantity, of rest and motion. In it we perceive the 
operation of a force which is mixed up with everything that 
exists in the heavens or on earth ; which pervades every atom, 
rules the motions of animate and inanimate beings, and is as 
sensible in the descent of a rain-drop as in the falls of Niagara ; 
in the weight of the air, as in the periods of the moon. Gravita- 
tion not only binds satellites to their planet, and planets to the 
aim, hut it connects sun with sun throughout the wide extent of 
creation, and is the cause of the disturbances, as well as of the 
order of nature; since every tremor it excites ’in^any one planet 
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tmnsmitted to the farthest limits of the system, 
which coiTespond in their periods with the cause 
pr^ueifiij; them, like sympathetic not€s in music, or vibrations 
froiq^J^e deep tones of an organ. 

^<itbe heavens afford the moat sublime subject of study whiclj 
can be derived from science. The magnitude and splendour of 
the objects, the inconceivable rapidity with which they move, 
and the enormous distances between them, impress the mind with 
some notion cf the energy that maintains them in their motions, 
with a durability to which we can see no limit. Equally con- 
spicuous is the goodness of the great First Pause, in having 
endowed mean with faculties, by which he can not only appreciate 
the magnificence of His works, but trace, with precision, the 
operation of His laws, use the globe he inhabits as a base where- 
with to measure the magnitude and distance of the sun and 
planets, and make the diameter (Note 1) of the earth’s orbit the 
firat step of a scale by which he may ascend to the stafry firma- 
ment. Sucli pursuits, while they ennoble tlie mind, at the same 
time inculcate humility, by showing that there is a barrier which 
no energy, mental or physical, can ever enable us to jiass : that, 
however profoundly we may penetrate the depths of space, there 
still i-emain innumerable systems, compared with which, those 
apparently so vast must’ dwindle into insignificance, or even 
become invisible ; and that not only man, but the globe he in- 
habits — ^nay, the whole system of which it forms so small a part 
— might be annihilated, and its extinetton be unperceived in the 
immensity of creation. 

A complete accjuaintance wth physical astronomy can be at- 
tained by those only who arc well versed in the higher branches 
of mathematical and mechanical science (N. 2), and they alone 
can afiprociatc the extreme beauty of the results, and of the 
means by which these results arc obtained. It is nevertheless 
true, that a sufficient skill in analysis (N. 3} to follow the general 
outline — to see the mutual dejicndence of the different parts of 
the system, and to comprehend by what means the most extra- 
ordinary conclusions have been arrived at, — ^is within the reach 
of many who shrink from the task, appalled by difficulties, not 
more formidable than those incident to the study of the elements 
of every branch of knowledge. Tliero is a wide distinction 
between the decree of mathematical acquirement necessary for 
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]naking discovenos, and that which i& requisite for undeiM^Uig 
what others have 4pne 

Oui knowledge of extenfal objects is founded upon ezperfenoe, 
which furnishes facts , the comparison of these facts estahbahea 
relations, from which tlio belief that like causes will produce lilie. 
(ffects leads to general laws Thus, experience teaches that 
bodies fall at the surface of the eqilhwith an accelerated \tlocitj, 
and with a force projiGitional to their masses By compaiison, 
Newton pioved that the foice which occasions the fall of bodies 
at the eaith’s surface is identical with that which letains the 
moon in her oibit, and he concluded, tint, as the moon is kept 
in Iki orbit bj the attiaction of the earth, so the planets might 
be retained m their mbits by the attiaction of the sun. By such 
stoi)S he was led to the^ di&co\ cry of one of those powers w ith 
which the Creatoi has ordained that matter should reciprocally 
act upon matter 

Ph\sical astionomj is the science which compares and identities 
tlje laws of motion oWrvtd on earth with the motions tliat take 
place in the hcivciis. and which tiaces, by an umnteiriq ted 
chain of deduction fiom the gicit piinciik that governs the 
uinvci^e, the revolutions and rotations of the planets, and the 
oscillations (N 4) of the lluids at then suifaccs, and which 
cbtim itcs the cl anges the s> stem has hitherto undcigone, or may 
lieieiftcr cxiienencc — changes which require millions of ^cais for 
their accompli bhinent 

he accumulated effoits of astionoraers, fiom the eailiest dawn 
of civilization, have been necessary to establish the mechanical 
theoiv of astrononi} The couises of the planets have lieen 
obscivcd foi ages, with a dc..uc ol perseverance that is astonislb- 
ing, it we considci the imixifection and even the want of mstiu- 
mciits The leal motions ol the earth have been sepai ite I from 
the apparent motions of the jlanetb, the laws of the planet irv 
revolutions have been discovered, and the discQvcry of these 
laws has led to the knowledge of the gravitation (N. 5) of matter 
On the othci hand, descending from the principle of gravitation, 
every motion in the solar system has been so completely explained, 
that the laws of any .istronomical phenomena that may hereaftei 
occur are already determined. 
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SECTION I. 

Attraction of a Sphere — Form of Celestial Bodies — TeiTestrial Gravi- 
tation retains the Moon in her Orbit — The Heavenly Bodies move in 
Conic Sections — Gravitation Proportional to Mass — Gravitation of 
the Particles of Matter — Figure of the Planets — How it atfects the 
Motions of their Satellites — Rotation and Translation impressed by the 
same Impulse — Motion of the Sun and Solar System. 

It has been proved by Newton, that a particle of matter (N. 6) 
placed without the surface of a hollow sphere (N. 7) is attracted 
by it in the same manner as if the mass of the hollow sphere, or 
the whole matter it contains, were collected into one dense particle 
in its centre. The same is therefore true of a solid sphere, which , 
may be supposed to consist of an indnite number of^conccntijc 
hollow spheres (N. 8). This, however, is not the case with a 
spheroid (N. 9) ; but the celestial bodies are so nearly spherical, 
and at such remote distances from one another, that they attract 
and are attracted as if each wore condensed into a single particle 
situate in its centre of gravity (N, 10) — circumstance which 
greatly facilitates the investigation of their motions. # 

Newton has shown that the force whidh retains the moon in 
her orbit is the same with that which causes heavy substances 
to fall at the surface of the earth. If the earth were a sphere, and 
at rest, a body would be equally attracted, that is, it would have 
the same weight at every point of its surface, because the surface 
of a sphere is* everywhere equally distant from its centre. But, 
as our planet is Battened at the poles (N. 11), and bulges at the 
equator, the weight of the same body gradually decreases from 
the poles, whqre it is greatest, to the equator, where it is least. 
There is, however, a certain mean (N. 12) latitude (N. 13), or 
part of the earth intermediate between the pole and the equator, 
where the attraction of the earth on bodies at its stlrface is the 
same as if it were a sphere ; and experience shows that bodies 
there fall through 16*0697 feet in a second. The mean distance 
(N. 14) of the moon from the earth is about sixty times the mean 
radius (N. 15) of the earth. When tlie number 16*0697 is di- 
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miiiisbed in the ratio (N. 16) •£ 1 to 3600, \fi the square 
.of the moon’s distance (N. 17) from the earth’s centre, estimated 
in terrestrial radii, it is found to be exactly the space the moon 
would fall through in the first second of her descent to the earth, 
were she not prevented by the centrifugal force (N, 18) arising 
from the velocity with which she moves in her orbit. The moon 
is thus refciined in her orbit by a force having the same origin, 
and regulated by the same law, with that which causes a stone 
to fall at the earth’s surface. The earth may, therefore, be r^rded 
as the centre of a force which extends to the moon ; and, as expe- 
rience shows that the action and reaction of matter are equal and 
contrary (N. 19), the moon must attract the earth withtan equal 
and contrary foice. 

Newton also ascertained that a body projected (N« 20) in space 
(N. 21) will move in a conic section (N. 22), if attracted by a 
foice proceeding from a fixed point, with an intensity inversely 
as the square of the distance (N. 23) ; but that any deviation 
from tliat law will cause it to move in a curve of a different 
nature. Kepler found, by direct observation, that the planets 
desefibe ellipses (N. 24), or oval paths, round the sun. Later 
observations show that comets also move in conic sectiops. It 
consequently follows that the sun attracts all the planets and 
comets inversely as the square of their distances from its centre ; 
the sun, therefore, is the centre of a force extending indefinitely 
in space, and including all the bodies of the system in its action. 

Kepler also deduced from observation that the squares of the 
periodic times (N. 25) of the planets, or the times of their revo- 
lutions round the sun, are proportional to the oubes of their mean 
distances from its centre (N. 26). Hence the intensity of gravi- 
tation of all the bodies towards the sun is the same at equal 
distances. Consequently, gravitation is proportional to the masses 
(N. 27) ; for, if the planets and comets were at equal distances 
from the sun, and left to the effects of gravity, they would arrive 
at his surface at the same time (N. 28). The satellites also gravi- 
tate to tlicir primaries (N. 29) according to the same law that 
their primaries do to the sun. Thus, by the law of action and 
reaction, each body is itself the centre of an attractive force ex- 
tending indefinitely in spstbe, causing all the mutual disturbances 
which render the celestial motions so complicated, and their in- 
vestigation so difficult. 
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The gravitation of matter direited to a centre, and attractiuj^ 
directly as the mass and inversely as tlic square of the distance,, 
does not })elong to it when considered in mass only ; particle acts 
on particle according to the same law when at sensible distances 
from each other. If the sun acted on the centre of the earth, 
without attracting each of* its particles, the tides would be very 
nnicb greater than they noware, and would also, in other respects, 
be very different. The gravitation of the earth to the sun result# 
from the gravitation of all its jmrticles, which, in their turn, 
attmet the sun in the ratio of their resi)ectivc masses. Tliere is 
a reciprocal action likewise between the earth add every particle 
at its surface. The earth and a feather mutually attract each 
other in the proportion of the mass of the earth to>the mass of the 
feather. Were this not the case, and were any portion of the 
.earth, however small, to attract another, poition, and not 1x5 itself 
attracted, the centre of gravity of the earth would be moved in 
space by tins action, which is impossible. 

The forms of *the planets result from the reciprocal attrition 
of their component ])articles. A detached fluid mass, if at rest, 
would assume the form of a sphere, from the reciprocal attraStion 
of its {articles. But if the mass levolve about an axis, it becoines 
flattened at the poles and bulges at the equator (N. 1 1)^ in con- 
sequence of the centrifugal force arising from the velocity of rota- 
tion (N. 30) ; for the centrifugal force diminishes the gravity of 
the particles at the equator, and equilibrium can only exist where 
these two forces are balanced by an increuie of gravity, llicre- 
forc, as the attractive force is the same on all ]>aTticlc8 at e<]ual 
distances from the centre of a sphere, the equatorial particles 
would recede from the centre, till their increase in number 
balance the centrifugal force by their attraction. Consequently, 
the sphere would become an oblate or flattened spheroid, and a 
fluid, partially or entirely covering a solid, as the ocean and 
atmosphere cover the earth, must assume that form in order to 
remain in equilibrio. The surface of the sea is, thcit'fore, sphe- 
roidal, and the surface of the earth only deviates from that figure 
where it rises above or sinks below the level of the sea. But the 
deviation is so small, that it is unimix)rtant when compared with 
the magnitude of the earth ; for the iiflghty chain of the Andes, 
and the yet more lofty Himalaya, hear about the same proportion 
to the earth that a grain of sand does to a globe thr^ feet in 
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didm^ter. Such is the fonn of, the earth-and planets. • The com- 
pression (N, 31) or flattening at their poles is, however, so small, 
that even Jui)iter, whose* rotation is the most rapid, and there- 
fore the most elliptical of the planets, may, from his great 
distance, be regarded as spherical. Although the planets attract 
each other as if they were spheres, on account of their distances, 
yet the satellites (N. 32) are near enough to be sensibly aflected 
in their motions by the forms of their primaries.* The moon, for 
example, is so near the earth, that the reciprocal attraction between 
each of her particles, and each of the })articles in the prominent 
mass at the terrestrial equator, occasions considerable disturbances 
in the motions of both bodies ; for the action of the moon on the • 
matter at the earth's equator produces a nutation (N. 33) in the 
a^is (X. 34) of rotation, and .the reaction of that niatter on the 
moon is the cause of a corresix)nding nutation in the lunar orbit 
(N. 35). 

If a sphere di rc|gt in space receive an impulse passing through 
its centre of gravity, all its i^arts will move with an equal velocity 
in a kraight line ; but, if the imptdse does not pass through the 
centre of gravity, its particles, having unequal velocities, will have' 
a rotatory or revolving motion, at the same time that it is trans- < 
lated (N. 30) in space. These motions are independent of one 
another; so that a contrary impulse, passing through \t8 centre of 
gravity, will impede its progress, without interfering with its 
rotation. The sun rotates about an axis, and modern observa- 
tions show that an impulse in a con^ry direction has not been 
given to his centre of gravity, for he moves in space, accompanied 
by all those bodies which compose the solar system — a circum- 
stance which in no way interferes with their relative motions ; 
for, in consequence of flie principle that force is proportional to 
velocity (N. 37)»the reciprocal attractions of a system remain the 
same whether its centre of gravity he at rest, or ‘iiioving uni- 
formly in space. It is computed that, had the earth received 
its motion from a single impulse, that impulse must have passed 
through a ix)int about twenty-five miles from its centre. 

Since the motions of rotation and translation of the planets are 
independent of each other, though probably communicated by 
the same impulse, they form separate subjects of investigation. 
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Elliptical Motion ~ Mean and True Motion — Equinoctial — Ecliptic — 
Equinoses — Mean and True Longitude — Equation of Centre — In- 
clination of the Orbits of Planets — Celestid Latitude Nodes — 
Elements of an Orbit — Undisturbed or Elliptical Orbits Great In- 
clination of the Orbits of the New Planets — Universal Gravitation the 
Cause of Perturbations in the Motions of the Heavenly Bodies Problem 
of the Three Bodies — Stability of Solar System depends upon the Pri- 
mitive Momentum of the Bodies. 

A PLANET moves in its elliptical orbit with a velocity varying 
every instant, in consequence of two forces, one tending to the 
centre of the sun, and the other in the di^ectibn of a tangent 
(N. 38) to ite orbit, arisipg from the primitive impurse given at 
the time when it was launched into space. Should the force in the 
'tangent cease, the planpt would fall to the slm by its gravity. 
We^ the sun not to attract it, the planet would fly off in the 
tan^nt. Thus, when the planet is at the point of its orbit 
farthest frpm the sun, his action overcomes the planet’s velocity, 
and brings it towards him with such an accelerated motion, that 
at last it overcomes the sun’s attraction, and, shooting past him, 
gradually decreases in velocity until it arrives at the most distant 
point, where the sun’s attraction again prevails (N. 39). In tliis 
motion the radii vectores (N. 40), or imaginary lines joining the 
centres of the .sun and the planets, pass over equal areas or spaces 
in equal times (N. 41). . * 

The mean distance of a planet from the sun is equal to half 
the major ^is (N. 42) of its orbit : if, therefore, the planet di*- 
scribed a circle (N. 43) round the sun at its mean distance, tlic 
motion would be uniform, and the periodic time unaltered, be- 
cause the planet would arrive at the extremities of the major 
axis at the same instant, and would have die same velocity, 
whether it moved in the circular or elliptical orlnt, since the 
. curves coincide in these points. But in every other i^art the 
elliptical, or true motion (N. 44), would either be faster or 
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slower than the circular or mean motion (N. 45). As it is ne- 
cessary to have some iixed point in the heavens from whence to 
estimate these motions, the vernal equinox (N. 46) at a given 
epoch has been chosen. *The equinoctial, which is a great circle 
traced in the starry heavens by the imaginary extension of the 
plane of the terrestrial equator, is Jnterseeted by the ecliptic, or 
apparent path of the sun, in two points diametrically opposite to 
one another, called the vernal and autumnal equinoxes. The 
vernal equinox is the point through which the sun passes in 
going from the southern to the northern hemisphere ; and the 
autumnal, that in which he crosses from the northern to && 
southern. The mean or. circular motion of a body, estimated 
from the vernal equinox, is its mean longitude ; and its elliptical, 
or true motion, reckoned from that point, is its true longitude 
(N. 47) : both being estimated hx)m west to east, the direction 
in which the bodies move. The difference between the two is 
called the equation of the centre (N. 48) ; which consequently 
vanishes at the apsides (N. 49), or extremities of the major axis, 
and is at its maximum ninety degrees (N. 50) distant from these 
ix)ints, or in quadratures (N. 51), where it measures the excen- 
trifcity (N. 52) of the orbit ; so that the place of the planet in 
its elliptical drbit is obtained by adding or subtracting the equa- 
tion of the centre to or from its mean longitude. 

The orbits of the principal planets have a very small obliquity 
or inclination (N. 68) to the plane of the ecliptic in which the 
earth moves ; and, on that account, astronomers refer their mo- 
tions to this plane at a given epoch as a known and fixed position. 
The angular distance of a planet from the plane of the ecliptic is 
its latitude (N. 54), which is south or north according as the 
))lanet is south or north of that plane. When the planet is in 
the plane of the ecliptic, its latitude is zere ; it is then said to be 
in its nodes (N. 55). The ascending node is that point in the 
ecliptic through which the planet passes in going from the 
southern to the northern hemisphere. ITie descending node is 
a corresponding point in the plane of the ecliptic diametrically 
opix)site to the other, throudi which the planet descends in going 
from the northern to the southern hemisphere. The longitude 
and latitude of a planet cannot be obtained by direct observation, 
but are deduced from, observations made at the surface of the 

* B 3 
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oartl> by a vciy simple computation. These two quantities, 
however, will not give the place of a planet in space. Its dis*- 
tance from the sun (N. 56) must also be known ; and, for the 
complete determination of its ellipticaf motion, the nature and 
position of its orbit must be ascertained by observation. This 
depends upon seven quantities, called the elements of the orbit 
(N. 57). These are, the length of the major axis, and the ex- 
centricity, which determine the form of the orbit ; the longitude 
of the planet when at its least distance from the sun, called the 
longitude of the perihelion ; the inclination of the orbit to the 
plane of the ecliptic, and the longitude of its ascending node : 
these give 4;he position of the orbit in space ; but the periodic 
time, and the longitude of the planet at a given instant, called 
the longitude of the etxxih, are necessary for finding the place of 
the body in its orbit at all tim^* A jMirfect knowledge of these 
seven elements is requisite for ascertaining all the circumstances 
of undisturbed elliptical motion. By such means it is found 
that the imths of the planets, when their mutual disturbances are 
omitted, are elKps^s nearly approaching to circles, whose planes, 
slightly inclined to the ecliptic, cut it in straight lines, pasAg 
through the centre of the sun (N. 58). The orbits of ine 
recently-discovered planets deviate more from the ecliptic than 
those of the ancient planets : that of Pallas, for instance, has an 
inclination of 34° 42 29'8'' to it ; on whicli account it is more 
difficult to determine tlieir motions. 

Were the planets attracted by the sun only, they would always 
move in ellii)ses, invariable in form and xx)sition ; and because 
his action is proiwtional to his mass, whicli is much larger than 
that of all the X)lanct8 put together, the elliptical is the nearest 
approximation to their true motions. The tme motions elf tlie 
planets are extremSy complicated, in consequence of their mutual 
attraction, so that they do not move in any known or symme- 
trical curve, but in paths now approaching to, now receding from, 
the elliptical form ; and their radii vectores do not descrilxj areas 
or spaces exactly profjortional to the time, so that the areas be- 
tx)me a test of disturbing forces. 

To determine the motion of each body, when disturb by all 
the rest, is beyond the power of analysis. It is therefore neces- 
sary to estimate the disturbing action of one planet at a time, 
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whence the celebrated problem of the three bodies, originally 
applied to themooUj the earth, and the sun— namely, the masses 
being given of three bodies projected from three given points, 
with velocities given both in quantity and direction ; and sup- 
ix)6ing the bodies to gravitate to one another with forces that are 
directly as their masses; and inversely as the squares of the dis- 
tances, to find the lines described % these bodies, and their 
positions at any given instant; or, in other words, to determine 
the path of a celestial body wheif attracted by a second body, 
and disturbed in its motion round the second body by a third — 
a problem equally applicable to planets, satellites, and comets. 

By this problem the motions of translation of the celestial 
bodies arc determined. It is an extremely difficult one, and 
would be infinitely more so if the disturbing action were not very 
small when compared with the central force; that is, if the 
action of the planets on one another were not very small when 
compared with that of the sun. As the disturbing influence of 
each body may be found separately, it is assumed that the action 
of the whole system, in disturbing any one planet, is equal to 
the sum of all tlie particular disturbances it experiences, dn the 
gehcral mechanical principle, that the sum of any number of 
small oscillations is nearly equal to their siinultaneous and joint 
effect. 

On account of the reciprocal action of matter, the stability of 
the system depends upon the intensity of the primitive mo- 
mentum (N. 59) of the planets, and the ratio of their masses to 
that of the sun ; for the nature of the conic sections* in which the 
celestial lK:>dics move de^x^nds upon the velocity with which they 
were first proixdled in space. Had that velocity been such aS to 
make the planets move in orbits of unstable oquilibrium (N. 60), 
their mutual attractions might have changed them intop^bolas, 
or oven hyixjrbolas (N. 22); so that the earth and planets might, 
ages ago, liave been sweeping far from our sun through the 
abyss of space. But as the orbits differ very little from circles, 
the momentum of the planets, when projected, must have been 
exactly sufficient to ensure the permanency and stability of the 
system. Besides, the mass of the sun is vastly greater than that qf 
any planet ; and as their inequalities bear the same ratio to their 
olliptical motions that their masses do to that of tlie sun, their 
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mutual disturbances only increase or diminish the exceiitricities 
of their orbits by very minute quantities ; consequently the 
magnitude of the sun’s mass is the^ncipal cause of the stability 
of the system. I'hcre is not in the physical world a more 
splendid example of the adaptation of means to the accomplish- 
ment of an end than is exhibited in the nice adjustment of these 
forces, at once the Cituse of the variety and of the onier of 
Nature. 
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Perturbations, Penodic and Secular — Disturbing Action equivalent to 
three Partial Forces — Tangential Force the cause cf the Periodic Jn- 
equalitifs in longitude, and Secular Inequalities in the Form and Position 
of the Orbit in its own Plane — Hadial Force the cause of Variations in 
the Planet’s Distance firom the Sun — It combines with the Tangential 
Force to produce the Secular Variations in the Form and Position of tlie 
Orbit in its own Plane — Pei-pendiciilar Force the cause of Periodic 
Perturbations in Latitude, and ^ular Variations in the Position of the 
Orbit with regaftl to the Plane of the Ecliptio — Mean- Motion and 
Major Axis Invariable — Stability of System — Effects of a Resisting 
. Medium Invariable Plane of the Solar System and of the Universe — 
Great Inequality of Jupiter and Saturn. 

’J'he planets arc subject to distiirlmnces of two kinds, both 
resulting from the constant operation of their reciprocal attrac- 
tion : one kind, dei^nding upon their positions with regard to 
each other, begins from zero, increases to a maximum, decreases, 
and becomes zero again, when the planets return to the same 
relative positions. In consequence of these,* the disturbed planet 
is sometimes drawn away from the sun, s«)metimea brought 
•nearer to him : sometimes it is accelerated in its niotion, and 
sometimes retarded. At one time it is drawn above the plane 
of its orbit, at another time below it, according to the position 
of *the disturbing body. All such changes, being accomplished 
ill short periods, some in a few months, others in years, or in 
hundreds of years, are denominated periodic inequalities. The 
inequalities of the other kind, though occasioned likewise by the 
disturbing energy’ of the planets, are entirely independent of 
their relative jxisitions. They de^iend upon the relative posi- 
tions of tlie orhits alone, whose forms and places in space are 
altered by very minute quantities, in immense periods of time, 
and are therefore called secular inequalities. 

The periodical perturbations are compensated when the bodies 
return to th^ same relative iiositions with regard to one another 
and to the sun : the secular inequalities are compensated when 
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« Ibei orbits return to the same positions relatively to one another 
and to the plane of the ecliptic. 

Planetary motion, including both these kinds of disturbance, 
may be represented by a body revolving in an ellipse, and making 
small and transient deviations, now on one side of its path, and 
now on the other, whilst the ellipse itself is slowly, but per- 
petually, changing both in form and position. 

The jiedodic inequalities arc merely transient deviations of a 
planet from its path, the most remarkable of which only lasts 
about 918 years; but, in consequence of the seculai* disturbances, 
the ai)sidcs, or extremities of the major axes of all tlio orbits, 
have a direct but variable motion in space^ exa^pting those of 
tlie orbit of Venus, which are retrograde (N. 61), and the lines 
of the nodes move with a variable velocit\ in a contrary direction. 
Besides these, the inclination and exccntricityaof every orbit are 
in a state of peri^ctual but slow change. These effects result 
from the disturbing action of all the planets on each. But, 
it is only necessary to estimate the disturbing influence of oin* 
body at a time, what follows may convey some idea of tht* 
manner in which one planet disturbs the elliptical motion of 
another. 

Suppose two planets moving in ellipses ropnd the sun ; if one 
of them attracted the other and the sun with equal intensity, 
and in parallel directions (-N. 62), it would have no effect in 
disturbing the elliptical motion. The inequality of this attrac- 
tion is the sole cause of perturbation, and the diflerence Ijctweeif 
the disturbing planet’s action on the sun and on the disturbed 
planet constitutes the disturbing force, which consequently varies 
in intentiity and direction with every change in the relative i)8si- 
tions of the three bodies. Although lx}th the sun and planet 
are; under the influence of the disturbing force, the motion of the 
disturbed jJlanet is referred to the centre of the sun ns a fixed 
point, for convenience. The whole force (N. 63) which disturbs 
a planet is equivalent to three partial forces. One of these acta 
on the disturbed planet, in the direction ot a tangent to its orbit, 
and is called the tangential force : it occasions secular inequalities 
in file form and position of the orbit in its own plane, and is 
the sole cause of the jicriodical perturbations in the planet’s 
longitude. Another acts u^xin the same body in j^ho direction 
of its radius vector, that is, in the line joining the centres of 
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the sun and planet; and ft radial force : it produces 

Ijcriodical changes in the dlsnj^of the planet from the sun, 
and affects the form and the orbit in its own plane. 

The third, which may be called the perpendicular force, acts at 
right angles to the plane of the orbit, occasions the periodic 
inequalities in the planet’s latitude, and ailects tlie ix)8ition of 
tlie orbit with regard to the plane of the ecliptic. 

It has been observed, tliat the radius vector of a planet, 
moving in a perfectly elliptical orbit, passes over equal spaces 
or areas in equal times ; a circumstance which is independent of 
the law of the force, and would be the same whether it varied 
inversely as the square of the distance, or not, provided only 
that it be directed to the^entre of the sun. Uence the tangential 
force, not l)emg directed to the centre, occasions an unequable 
description of areas, or, what is the same thing, it disturbs the 
motion of the planet in longitude, ’riie tangential force some- 
times accelemtes the ]>lanot’s motion, sometimes retards it, and 
occasionally; has no effect at all. Were the orbits of lx)th planets 
circular, a complete compensation would take place at each revo- 
lution of the two pianists, Ix'caust* the arcs in which the accelera- 
tions and retardations take place would be symmetrical on each 
sklo of the disturbing force. For it is clear, that if the motion 
be accelerated through a certain space, and then retarded through 
as much, the motion at the end of the time will be the same as 
if no change had taken place. But, as the orbits of the planets 
are ellijiscs, tliis symmetry does not hold : for, as the planet 
mo\es uncqnahly in ks orbit, it is in some positions more 
directly, and for a longer time, under the influence of the dis- 
turbing force than in otheis. And, although multitudes of 
variations do compensate each other in short i>eviods, there are 
others, depending on |ieciiliar relations among the periodic times 
of the planets, which do not comiiensate each other till after one, 
or even till after many revolutions of both bodies. A periodical 
inetpiality of this kind in the motions of Jupiter and Saturn has 
a period of no less than 918 years. 

Tim radial force, or that part of the disturbing force \vhich 
lusts in the direction of the line joining the coutros of the sun 
and disturbed planet, has no*offect on fte areas, but is the cause 
of periodical changes of small extent in the distance of the planet 
from.the sun. It has already been shown, that the force pro- 
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ducing perfectly elliptical motion varies inversely as the square 
of the distance, and that a forea^llowing any other law would 
cause the body to move in a^burve of a very' different kind. 
Now, the radial disturbing force varies directly as^the distance ; 
and, as it sometimes combines with and increases the intensity 
of the sun’s attraction for the disturbed body, and at other times 
opposes and consequently diminishes it, in both cases it causes 
the sun’s attraction to deviate from Uie exact law of gravity, 
and the whole action of this compound central force on the dis- 
turbed body is either greater or less than what is requisite for 
perfectly elliptical motion. When greater, the curvature of the 
disturbed planet’s pjith, on leaving its perihelion (N. 64), or 
point nearest the sun, is greater than it^would be in the ellipse, 
which brings the planet to its aphelion (N. 65), or point farthest 
from the sun, before it has passed through 160°, as it would do 
if undisturbed. So that in this case the apsides, or extremitieh 
of the major axis, advance in space. When the central force is 
less than the. law of gravity requires^ the curvature off4j|(|p;, 
planet’s path is less than the curvature of the ellipse. So 
the planet, on leaving its perihelion, would pass through more 
than 180° before arriving at its aphelion, which causes the ajwides 
to recede in space (N. 66). Cases both of advance and rece^ 
occur during a revolution of the two planets ; but those in whicli 
the apsides advance preponderate. This, however, is not the 
full amount of the motion of the apsides ; part arises also from 
the tangential force (N. 63), which alternately accelerates and 
retards the velocity of the disturbed planet. An increase in the 
planet’s tangential velocity diminishes the curvature of its orbit, 
and is equivalent to a decrease of central force. On the contrary, 
a decrease of the tangential velocity, which increases the curva- 
ture of the orbit, is equivalent to an increase of central force. 
These fluctuations, owing to the tangential force, occasion an 
alternate recess and advance of the apsides, after the manner 
already explained (N. 66). An uncompensated portion of the 
. direct motion, arising from this cause, conspires with that klready 
impressed by the radial force, and in some cases even nearly 
doubles the direct motion of these points. The motion of the 
apsides may be represen^ed by supposing a planet to move in 
an ellipse, while the ellipse itself is slowly revolving about tin* 
sun in the same plane (N. 67). This motion of the major axis, 
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which is direct in all the orbits except that of the planet Venus, 
is irregular, and so slow that it requires more than 109,880 
years for the. major axis 'of the earth’s orbit to accomplish a 
sidereal revolution (N. 68), that is, to return to the same stars ; 
and 20,984 years to complete its tropical revolution (N. 69), or 
to return to the same equinox. The difference between these 
two periods arises from a retrograde motion in* the equinoctial 
point, which meets the advancing axis before it has completed 
its revolution with regard to the stars. The major axis of 
Jupiter’s orbit requires no less than 200,610 years to perform its 
sidereal revolution, and 22,748 years to accomplish its tropical 
revolution from tlie disturbing action of Saturn alone. 

A variation in the excentricity of the disturbed planet’s orbit 
is immediate consequence of the deviation from elliptical 
curvature, caused by the action of the disturbing force. When 
the path of the body, in proceeding from its perihelion to its 
aphelion, is more curved than it ought to be from the effect of 
the disturbing forces, it falls within the elliptical orbit, the 
excentricity is diminished, and the orbit becomes more nearly 
circular ; when that curvature is less than it ought to be, the 
path of tlie planet falls without its elliptical orbit (N. 66), and 
the excentricity is increased ; during these changes, the length of 
the major axis is not altered, the orbit only bulges out, or 
^ becomes more flat (N. 70). Thus tlie variation in the exoen- 
tricity arises from the same cause that occasions the motion of 
the apsides (N. 67). There is an inseparable connection between 
these two elements: they vary simultaneously, and have the 
same period ; so that, whilst the major axis revolves in an im- 
mense ijeriod of time, the excentricity increases and decreases by 
very small quantities, and at length returns to its original magni- 
tude at each revolution of the apsides. The terrestrial excen- 
tricity is decreasing at the rate of about 40 miles annually ; and, 
if it urcre to. decrease equably, it would be 39,861 years before 
the earth s orbit became a circle. ’Plie mutual action of Jujdter 
and Saturn occasions variations in the excentricity of both orbits, 
the greatest excentricity of Jupiter’s orbit corresponding to the 
least of Saturn’s. The period in which these vicissitudes are 
accomplished is 70,414 years, estimating the action of these twe^ 
planets alone; but, if the action of all the planets were esti- 
mated, the cycle would extend to millions of years. 
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That part of tlie disturbing force is now to be considered which 
acta periiendicularly to the plane of the orbit, causing periodic 
perturbations in latitude, secular variations in thq inclination of 
the orbit, and a retrograde motion to its nodes on the true plane 
of the ecliptic (N. 71). This force tends to pull the disturbed 
body above, or push (N. 72) it below, the plane of its orbit, 
according to the relative positions of the two planets with regard 
tp the sun, considered to be tixed. By this action, it sometimes 
makes the plane of the orbit of the disturbed body tend to coin- 
cide with the plane of the ecliptic, ahd sometimes increases its 
inclination to that plane. In consequence of which, its nodes 
alternately recede cr advance on the ecliptic (N. 73). When 
the disturbing planet is in the line of the disturbed planet’s nodes 
(N. 74), it neither affeets these points, the latitude, nor the 
inclination, because both planets arc then in the same plane. 
When it is at right angles to the line of the nodes, and the orbit 
symmetrical on each side of the disturbing force, the average 
motion of these ^points, after a revolution of the disturbed l)ody, 
is retrograde, and coroparntively rapid : but, when the di^rbing 
planet is so situated that the orbit of the disturbed 
symmetrical on each side of the disturbing force, whicMiMMt 
frequently the cast*, every possible variety of action takes 
Consequently, the nodes are peqxjtually advancing or receding 
with unequal velocity ; but, as a compensation is not Weeted, 
their motion is, on the whole, retrograde. 

With regard to the variations in the inclination, it is clear, 
that, when the orbit is symmetrical oa> csich side of the dis- 
turbing force, all its variations are cori||Bfnsated after a* revo- 
lution of the disturbed body, and are merely^periodical perturba- 
tions in the •planet’s latitude ; and no secular change is induced 
in the inclination of the orbit. When, on the contrary, that 
orbit is not symmetrical on each side of the disturbing force, 
although many of the variations in latitude are transient or 
periodical, still, after a complete revolution of the disturbed 
body, a portion remains uncompens^Cted, which forms a secular 
change in the inclination of the orbit to the piano of the ecliptic. 
It is true, part of this secular change in the inclination is com- 
•pensated by the revolution of the disturbing body, whose motion 
baa not hitherto been taken into the account, so that perturba- 
tion compensates perturbation 4 but still a comparatively per- 
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manent change is effected in the inclination, which is not com- 
pensated till the nodes have accomplished a complete revolution. 

The changes in the iiiclhiatiou are extremely minute (N. 76), 
compared ^vith the motion df the nodes, and there is the same 
kindfbf inseparable connection between their secular changes 
that there is between the variation of the excen tricity and the 
motion of the major axis. The nodes and inclinations vary 
simultaneously ; their periods arc the same, and very great. The 
nodei? of Jupiter’s orbit, from the action of Saturn alone, require 
36,261 years to accomplish even a tropical revolution. In what 
precedes, the influence of only one disturbing body has been 
oonsidei-ed ; but, when the action and reaction of the whdle 
system are taken into account, every planet is acted upon, and 
does itself act, in this manner, on all the others ; and the joint 
effect keeps the inclinations and exccntricities in a state of per- 
petual variation. It makes the major axes of all the oibits con- 
tinually revolve, and causes, on au average, a retrograde motion 
of the nodes of each orbit upon every other. The ecliptic (N. 71) 
itself is in motion from the mutual action of tlie earth and 
planets, so tlmt Jthc whole is a corai)ound phenomenon of great 
complexity, extending through unknown ages. At the present 
time the inclinations of all the orbits are deci-easiiig, but so 
slowly, that the inclination of Jupiter’s orbit is only about six 
minutes less than it was in the ago of Ptolem 3 ^ 

But, in the midst of all these Vicissitudes, the length of the 
major axes and the mean motions of the planets remain per- 
manently independent of secular changes. They arc so connected 
by Kciilcr’s law, of the squares the iieriodic times being pro- 
portional to the cubes of the mean distances of the plaints from 
the sun, that one camiot vary without affecting the other. And 
it is proved, tliat any variations which do take place are transient, 
and depend onljf on the relative positions of the bodies. 

It is true that, according to thcorj", the radial disturbing force 
should permanently alter the dimensions of all the orbits, and 
tho periodic times of all the planets, to a certain degree. For 
example, the masses of all the planets revolving within the orbit 
of any one, such as Mars, by adding to the interior mass, increase 
the attracting force of the sun, which, therefore, must contract 
tbo dimensions of the orbit of that planet, and diminish its 
periodic time ; whilst the planets exterior to Mars’s orbit must 
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have the contrary effect. But the mass of the whole of the 
planets and satellites taken together is so small, when compered 
with that of the sun, that these effects are quite insensible, and 
could only have been discovered by theory. And, it* is cer- 
tain that the length of the major axes and the mean motidN are 
not permanently changed by any other power whatever, it may 
be concluded that they are invariable. 

With the exception of these two elements, it appears that all 
the bodies are in motion, and every orbit in a state of perpetual 
change. Minute as these changes are, they might be supposed 
to accumulate in the course of ages, sufficiently to derange the 
whole order of nature, to alter the relative positions of the planets, 
to put an end to the vicissitudes of the seasons, and to bring 
about collisions which would involve our whole system, now so 
harmonious, in chaotic confusion. It is natural to inquire, what 
proof exists that nature will be preserved from such a catastrophe ? 
Nothing can be known from observation, since the existence of 
the human race has occupied comparatively but a point in dura- 
tion, while these vicibitudes embrace myriads of ages. The 
proof is simple and conclusive. All the vaiiations of the solar 
system, secular as well as periodic, are expressed analytically by 
the sine# and cosines of circular arcs (N. 76), which increase 
with the time ; and, as a sine or cosine can never exceed the 
radius, but must oscillate between zero and unity, howeve4||||ch 
the time may increase, it follows that when the variations have 
accumulated to a maximum by slow changes, in however long a 
time, they decrease, by the Sme slow degrees, till they arrive at 
their smallest value, again to begin a now course ; thus for ever 
oscillating about a mean value. This circumstance, however, 
would be insufficient, were it not for the small excentricities of 
the planetary orbits, their minute inclinations to the plane of the 
ecliptic, and the revolutions of all the bodies, as* well planets as 
.satellites, in the same direction. These secure the perpetual 
stability of the solar system (N. 77). However, at the time 
that the stability was proved by La Orange and La Place, the 
telescopic planets between Mars and Jupiter had not been disco- 
vered ; but La Orange, having investigated the subject under a 
very general point of view, showed that, if a planetary system be 
composed of very unequal masses, the whole of the larger would 
maintain an unalterable stability With regard to the form and 
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po8itr#< |j|pB^e ir orbits, while the orbits of the lesser might 
under^^j^Hpjjjlfced changes. M. Le Yerrier has applied this to the 
solar sys^^ and has found that the orbits of all the larger 
j^gets will for ever •maintain an unalterable stability in form 
ilH^ition ; for, though liable to mutations of very long periods, 
return again exactly to what they originally were, oscillat- 
ing between very narrow limits ; but he found a zone of instability 
betwesii the orbit of Mars^ and twice the mean distance of the 
earth’from the sun,* or between 1*6 and 2*00; therefore the posi- 
tion and form of the orbits of such of the telescopic planets as 
revolve within that zone will be subject to unlimited variations. 
But the orbits of those piore remote from the sun than Flora, or 
beyond 2*20, will be stable, so that their cxcentricitics and incli- 
nations must always have been, and will always i*emaiu, very 
great, since they must have depended upon the primitive con- 
ditions that prevailed when these planetary atoms were launched 
into space. The 51st of these small bodies, which was discovered, 
and the elements of its orbit determined, by M. Valz, at Nimes, 
has a mean distance of 1*88 ; so it revolves within the zone 
of instability. It has a shorter periodic time than any of 
those previously discovered, and a greater excentricity, with the 
exception of Nysa. Its orbit cuts that of Mars, and comes 
nearer to the earth than the orbits of either Mars or Venus, 
a circumstance which would be favourable Tor correcting 
the parallax of the sun, or confirming its accuracy. The 
telescopic planets, numerous as th^y arc, have no influence 
on the motions of the larger planets, for Jupiter has a diameter 
of 90,734 miles, while that of Pallas, his nearest neighbour, is 
only 97 miles, little more than the distance from London to 
Bath. The diameter of Mars, on the other side of the small 
planets, is 4546 miles, and that of the earth 7925^ miles, so that 
the telescopic group are too minute to disturb the others. M. 
Le Yerrier found another zone of instability between Yenus and 
the sun, on the border of which Mercury is revolving, the inclina- 
tion of whose orbit to the plane of the ecliptic is about 7®, which 
is more than that of any of the large planets. Neptune’s 

• The mean dibtance of the earth fPom the sun is 95,000,000 miles, 
but to avoid the inconvenience of huge numbers, it is assumed to be the 
unit of distance; hence the mean distance of Mars h> 1*52369, or 1*5 
nearly, that of the eartii being s= 1. 
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orbit is, no doubt, as stable as that of any dipilir ’ of the 
large planets, as the inclination is very, smallf^ otit "he will 
have periodical variations of very long duration from the reci- 
procal attraction between him and Uranus, one especially of 
an enormous duration, similar to those of Jupiter and Saturif, 
and, like them, depending on the timd of his revolution round the 
sun, being nearly twice as long as that of Saturn. Mr. Adams 
has computed that Neptune produces a periodical i)erturbation 
in the motion of Uranus, whoso duration is about 6800 years. 

The equilibrium of the system, however, would be deranged 
if the planets moved in a resisting medium (N. 78) sufficiently 
dense to diminish their tangential veldcity, for then both the 
excen tricities and the major axes of the orbits would vary with 
the time, so that the stability of the system would be ultimately 
destroyed. The^ existence of an ethereal medium is now proved ; 
and, although it is so extremely rare that hitherto its effects on 
the motions of the planets have been altogether insensible, there 
can be no doubt that, in the immensity of time, it will modify 
the forms of the planetary orbits, and may at last even cause the 
destniction of our system, which in itself contains no principle 
of decay, unless a rotatory motion from west to .east has been 
given to this medium by the bodies of the solar system, which 
have all been revolving about the sun in that direction for un- 
known ages. This rotation, which seems to highly probable, 
may even have been coeval with its creation. Such a vortex 
would have no effect on bodies moving with it, but it would 
influence the motions of those revolving in a contrary direction. 
It is possible that the disturbances experienced by comets, which 
have already revealed the existence of this medium, may also, in 
time, disclose its rotatory motion. 

The form and position of the planetary orbits, and the motion 
of the bodies in the same direction, together with the •periodicity 
of the terms in which the inequalities are expressed, assure us 
that the variations of the system are confined within very 
narrow limits, and that, although we do not know the extent of 
the limits, nor the period of that grand cycle which probably 
embraces millions of years, yet they never will exceed what is 
requisite for the stability and harmony of the whole ; for the 
preservation of which every circumstance is so beautifully and 
wonderfully adapted. 
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The plane of the ecliptic itself, though assumed to be fixed at 
a given epoch for the convenience of astronomical computation, is 
subject to a minute secular variation of 45"* 7, occasioned by the 
reciprocal action of the planets. But, as this is also periodical, 
and cannot exceed 2^42'y the terrestrial equator, which is inclined 
to it at an angle * of 23® 27' 28"'29, will never coincide with the 
plane of the ecliptic: so there never can be perpetual spring 
(N. 79). The rotation of the earth is uniform ; therefore day 
and night, summer and winter, will continue tlieir vicissitudes 
while the system endures, or is undisturbed by foreign causes. 

Yonder starry sphere 
Of planets and of fix’d, in all her wheels, 
liesembles nearest mazes intricate, 

Eccentric, intervolved, yet regular. 

Then most, when most iiTegiilar they seem. 

The stability of our system was established by I^a Gi-auge : 
“ a discovery,” says Professor Playfair, “ that must render the 
name for ever memorable in science, and revered by those who 
delight in the contemplation of wliatover is excellent and sub- 
lime.” After Newton’s discovery of the mcclunical laws of the 
elliptical orbits of the planets, that of their periodical inequali- 
ties, by La Grange, is, without doubt, the noblest truth in the 
mechanism of the heavens ; and, in respect of the doctrine of 
final causes, it may be regarded as the greatest of alf.- 
Notwithstanding the permanency of our system, the secular 
variations in the planetary orbits would have been extremely 
embarrassing to astronomers when it became necessary to com- 
pare observations separated by long periods. The difficulty was 
in part obviated, and the principle for accomplishing it esta- 
blished, by La Place, and has since been extended by M. PoinSot. 
It appears that there exists an invariable plane (N. 80), passing 
through the centre of gravity of the syafem, about which the 
whole oscillates within very narrow limits, and that this plane 
will always remain parallel to itself, whatever changes time may 
induce in the orbits of the planets, in the plane of the ecliptic, 
or oven in the law of gravitation ; provided only that our system 
remains unconncj/oted with any other. The position of the plane 
is determined by this property — that, if each particle in the 
system be multiplied by the area described upon this piano in a 
* The obliquity given in the text is for the year 1858. 



24 


INVAEIABLE PLANE. 


Sect. Ill 


given time, by the projection of its radius vector about the 
common centre of gravity of the whole, the sum of all these pro- 
ducts will be a maximum (N. 81).‘ La Place found, that the 
plane in question is inclined to the ecliptic at an angle of nearly 
34' 16", and that, in passing through the sun, and about 
midway between the orbits of Jupiter and Saturn, it n^iay be 
regarded as the equator of the solar system; dividing it into two 
parts, which balance one another in all their motions. This 
plane of greatest inertia, by no means peculiar to the solar sys- 
tem, but existing in every system of bodies submitted to their 
mutual attractions only, alwa 3 ^s maintains a fixed position, 
whence the oscillations of the system may be estimated through 
unlimited time. Future astronomers will know, from its im- 
mutability or variation, whether the sun and his attendants are 
connected or not with the other systems of the universe. Should 
there be no link between them, it may be inferred, from the 
rotation of the sun, that the centre of gravity (N. 82) of the 
system situate within his mass describes a str^ht line in this 
invariable plane or great equator of the solaf -system, which, 
unaffected by tfc changes of time, will maintain its stability 
through endless ages. But, if the fixed stars, comets, or any 
uuknowu and ,unseen bodies, affect our sun and planets, the 
nodes of this plane will slowly recede on the plane that im- 
mense orbit which the sun may describe about some, most distant 
centre, in a period which it transcends the power of man to de- 
termine. There is every reason to believe that this is the case ; 
for it is more than probable that, remote as the fixed stars are, 
they in some degree influence our system, and that even the 
invariability of this plane is relative, only appearing fixed to 
creatures incapable of estimating its minute and slow changes 
during the. small extent of time and space granted to the human 
race. “ The development of such changes,” as M. Poinsot justly 
observes, ‘‘ is similar to an enormous curve, of which we see so 
small an arc that we imagine it to be a straight line.” If we 
raise our views to the whole extent of the universe, and consider 
the stars, together with the sun, to be wandering bodies, revolv- 
ing about the common centre of creation, we may then recognise 
in the equatorial plane passing through the centre of gravity of 
the universe the only instance of ab^lute and eternal repose. 

All the periodic and secular inequalities deduced from the law 



Sect, III. INEQUALITY .OF JUPJfER AND SATURN. 25 

of gravitation are so perfectly confirmed by observation, that 
analysis has become one ef the most certain means of discovering 
the planetary irregularities* either when they are too small, or 
too long in their periods, to be detected by other methods. 
Jupiter and Saturn, however, exhibit inequalities which for a 
long time seemed discordant with that law. All observations, 
from those of the Chinese and Arabs down to the present day, 
prove that for ages the mean motions of Jupiter and Saturn have 
been affected by a great inequality of a very long period, forming 
an apparent anomaly in the theory of the planets. It was long 
known by observation that five times the mean motion of Saturn 
is nearly equal to twice that of Jupiter ; a relation, which the 
sagacity of La Place perceived to be the cause of a periodic 
irregularity in the mean motion of each of these planets, which 
completes its period innearly 918 years, the one being retarded 
while the other is accelerated ; but both the magnitude and 
period of these quantities vary, in consequence of the secular 
variations in the elements of the orbits. Suppose the two planets 
to be on the same side of the sun, and all throe in the same 
straight line, they are then sai<i^ to be in conjunction (N. 83). 
Now, if they begin to move at the same time, one making exactly 
live revolutions in its orbit while the other only accomplishes 
two, it is clear that Saturn, the slow-moving body, will only 
have got through a part of its orbit during the time that Jupiter 
lias made one whole revolution and |)art of another,- before they 
be again in conjunction. It is found that during this time their 
mutual action is such as to produce a great many perturbations 
which compensate each other, but that there still remains a portion 
oufitanding, owing to the length of time during which the forces 
act in the same manner ; and, if the conjunction always happened 
in the same point of the orbit, this uiicompensated inequality in 
the mean motion would go on increasing till the periodic times 
and forms of the orbits were completely and permanently 
changed : a case that would actually take place if Jupiter accom- 
plished exactly five revolutions in the time Saturn performed 
two. These revolutions are, howevei, not exactly commensur- 
able ; the points in which the conjunctiohs take place are in 
advance each time as much as 80’37 ; so that- the conjunctions 
do not liappen exactly in the same points of the orbits till after 
a period of 850 years ; and, in consequence of this small ad* 

0 
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^ance, the planets are brought into sucn relative positions; that 
the inequality, wnich seemed to threaten the stability of the 
system, is completely compensated, and the bodies, having re- 
turned to the same relative positions with regard to one another 
and the sun, begin a new course. The. secular variations in the 
elements of the orbit increase the period of the inequality to 918 
years (N. 84). As any perturbation which affects the mean 
motion affects also the major axis, the disturbing forces tend to 
diminish the major axis of Jupiter’s orbit, and increase that of 
Saturn’s, during one half of the period, and the contrary during 
tlie other half. This inequality is strictly periodical, since it 
depends upon the configuration (N. 85) of the two planets ; and 
theory is confirmed by observation, which shows that, in the 
course of twenty centuries, Jupiter’s mean motion has been 
accelerated by about 3° 23Vand Saturn’s retarded by 6® 13'. 
Several instances of perturbations of this kind occur in the solar 
system. One, in the mean motions of the Earth and Venus, 
only amounting to a few seconds, has been recently worked out 
^with immense labour by Professor Airy. It accomplishes its 
changes in 240 years, and arises ^m the circumstance of thirteen 
times the periodic time of Venus being nearly equal to- eight 
times that of the Earth. Small as it is, it is sensible in the 
motions of the Earth. 

It might be imagined tliat the reciprocal action of such planets 
as have satellites would be different from the influence of those 
that have none. But the distances of the satellites from their 
primaries arc incomparably less than the distances of the planets 
from the sun, and from one another. So that the system of a 
planet and its satellites moves nearly as if all these bodies wire 
united in their common centre of gravity. The action of the 
sun, however, in some degree disturbs the. motion of tlie satellites 
about their primary. 
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Theory of Jupiter's SateQites — Effects of the Figure of Jupiter upon his 
Satellites — Position of their Orbits Singular Laws the Motions 
of the first Three Satellites — Eclipses of the Satellites — Velocity of 
Light — Aberration — Ethereal Medium — Satellites of Saturn and 
Uranus. 

. 

The changes which take place in the planetary system are 
exhibited on a smaller scale by Jupiter and his satellites ; and, 
as the period requisite for the development of the inequalities of 
these moons only extends to a few centuries, it may be regarded 
as an epitome of that grand cycle which will not be accomplished 
by the planets in myriads of ages. The revolutions of the satel- 
lites about Jupiter are precisely similar to those of the planets 
about the sun ; it is true they are disturbed by the sun, but his 
distance is so great, that their motions are nearly the same as if 
they were not under his influence. The satellites, like the 
planets, were probably projected in elliptical orbits : but, as the 
masses of the satellites are nearly 100,000 times less than that 
of Jupiter ; and as the compression of Jupiter’s spheroid is so 
great, in consequence of his rapid rotation, that his equatorial 
diameter exceeds his polar diameter by no less than 6000 miles ; 
the immense quantity of prominent matter at his equator must 
soon have given the circular form observed in the orbits of the 
first and second satellites, which its superior attraction will always 
maintain. The third and fourth satellites, being farther removed 
from its influence, revolve in orbits with a very small excen- 
tricity. And, although the first two sensibly move in circles, 
their orbits acquire a small ellipticity, from the disturbances they 
experience (N. 86). 

It has been stated, ^jhat the attraction of a sphere on an 
exterior body is the same as if its mass were ^ted in one par- 
ticle in its centre of gravity, and therefore inversely as the square 
of the distance. In a spheroid, however, there is an additional 
force arising from the bulging mass at its equator, v^hich, not 
following exact law of gravity, acts as a distorbmg itoiee. 

c 2 
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One effect of tliis disturbing force in the spheroid of Jupitbr is to 
occasion«a direct motion in the grea^r axes of the orbits of all# 
his satellites, which is more rapid the nearer the satellite is to 
the planet, and very much greater than that part of their motion 
which arises from the disturbing action of the sun. The same 
cause occasions the orbits of the satellites to remain nearly in the 
plane of Jupiter’s equator (N. 87), on account of which the 
satellites arc always seen nearly in the same line (N. 88) ; and 
the powerful action of that quantity of prominent matter is the 
redson why the motions of the nodes of these small bodies are so 
much more rapid than those of the planet. The nodes of the 
fourth satellite accomplish a tropical revolution in 531 years, 
while those of Jupiter’s orbit require no less tlian 36,261 years ; 
— a prdbf of the reciprocal attraction between each particle of 
Jupiter’s equator and of the satellites. In fact, if tlie satellites 
moved exactly in the plane of Jupiter’s equator, they would ^ot 
be pulled out of that plane, because his attraction would be e^ual 
on both sides of it. But, as their orbits have a small inclination 
to the plane of the planet’s equator, there is a want of symmetry, 
and the action of the protuberant matter tends to ihako the nodes 
regress by pulling the satellites above or below the planes of 
their orbits ; an action which is so great on the interior satellites, 
tliat the motions of their nodes are nearly the same as if no 
other disturbing force existed. 

The orbits of the satellites do not retain a permancift inclina- 
tion, either to the plane of Jupiter’s equator, or to that of his 
orbit, but to certain planes passing between the two, and through 
their intersection. These have a greater inclination to his 
equator the farther the satellite is removed, owing to the in- 
fluence of Jupiter’s compression; and they have a slow motion 
corresponding to secular variations in the planes of Jupiter’s 
orbit and equator. 

The satellites are not only subject to periodic* and secular 
inequalities from their mutual attraction, similar to those which 
affect the motions and orbits of the planets, but also to others 
peculiar to themselves. Of the periodic mequalities arising from 
their mutual attraction the most remarkable take place* in the 
angular motions* (N. 89) of the three nearest to Jupiter, the 
second of which receives from the first a perturbation similar to 
that which it produces in the third ; and it experience from the 
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tluid a perturbation similar to that which it communicates to the 
first. In the eclipses these two inequalities are combined into 
one, whose period is 437 659 Tlio variations peculiar to the 
satellites aiis>e fiom the secular rnequalities occisiontd by the 
action of the planets in the foim and position of Jujnter’s orbit, 
and from the displacement of his equator. It is obvious that 
whatever alters tlie relative positions of the sun, Jupitci, and his 
satellites, must occasion a change in the directions and intensities 
of the foices, which will affect the motions and oibits of the 
satellites Foi tins reason the seculai variations in the excen- 
tncity of Jupitei's orbit occasion secul ii inequalities in the mean 
motions of the satellites, and in the motions of the nodes and 
apsides of thou orbits Ihc displacement of the orbit of Jupiter, 
and the vaiiation in the jiosition ot his ^intor, also affect these 
small bodies (N. 90) The plane of Jupitei’s equator is inclined 
to the plane of his orbit at an angle of 3® 6' 30 so that the 
action of the sun and of the satellites themselves pioeluces a 
nutation and pieeession (N 91) in bis equatoi, precisely similar 
to that which takes jihce m the lotation of the earth, fiom the 
iction of the sun and me on. Hence the piotubeijftit matter at 
Jupitei’s equator is continually changing its position with regaid 
to the satellites, and iioduces corrcsixindmg mutations m then 
motions. And, as the cause must be proportional to the effect, 
these inequalities affoid the means, not only of ascei taming the 
eompiession of Jupiter’s spheroid, but they prove fl^t Ins mass 
IS not homogeneous Although the apparent diameteis of the 
satellites are too small to be mcasuied, yet then pertuibations 
give the values of their masses with considerable accuracy — a 
striking pi oof ot the power of analysis. 

A singular law obtains among the mean motions and mean 
longitudes of the fust three satellites It appears from observa- 
tion that the mean motion of the tirst satellite, plus twice that 
of the third, is equal to three times that ot the second , and that 
the mean longitude of the first satellite, minus three times that 
of the second, plus twice that of the third, is Always equal to two 
right angles. It is proved by theory, that, if these relations had 
only been approximate when the satellites were first launched 
into space, their mutual attractions would have estabbshed and 
maintained them, notwithstanding the secular rnequalities to 
which they are liable. They extend to the synodic motions 
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(N. 92) of the satellites ; oonsequently^ they affect their eclipses, 
and have a very great influence on their whole theory. The 
satellites move so nearly in the plane of Jixpiter’s equator, which 
has a very small inclination to his orbit, that the Scat three are 
eclipsed at each revolution by the shadow of the planet, which 
is much larger than the shadow of the moon : the marth satellite 
is not eclipsed so frequently as the others. The eclipses take 
place close to the disc of Jupitef when he is near opposition 
(N. 93) ; but at times his i^hadow is so pxijected with regard to 
the earth, that the third and fourth satellites vanish and reappear 
on the same side of the disc (N. 94). These eclipses are in all 
respects similar to those of the moop : but, occasionally, the 
satellites eclipse Jupiter, sometimes passing like obscure spots 
across his surface, resftnbling annular eclipses of the sun, and 
sometimes like a bright spot traversing one of his dark belts. 
Before opposition, the shadow of the satellite^ like a round black 
spot, precedes its passage over the disc of the planet ; and, after 
opposition, the shadow follows the satellite. 

In consequence of the relations already mentioned in the mean 
motions and mean longitudes of the first three satellites, ^any 
uever can he all eclipsed at the same time : fer, when the secimd 
and third are in one direction, the first is in the opposite direc- 
tion ; consequently, when the first is edipsed, the other twoumust 
be between the snn and Jupiter. The instant of the beginning 
or end of fXL eclipse of a satellite marks the same instasMi of 
absolute time to all the inhahitantg of the earth ; ihei^||^ the 
time of these edipees observed by a traveller, wheUvlAMM^ 
with the time of the eclipse computed for 
other fixed meridian (N. 95), gives the 41^erenc<^^ meri- 
dians in time, and, consequently, the Icmgitude JESie place of 
observation. The longitude is determined wij^^t^rtoane preci- 
sion whmiever it is possible to convey the time instantaneously 
by means of electricity from one place to another, binoe it 
obviates the errors of clocks and chronometers* Tlie eclipses of 
Jupiter’s satellite} have been the means of a discovery which, 
though not so immediately applicable to die wants of man, 
unfolds one of the pr^)ertie8 of li^t'«-*>that medium without 
whose eheering infiuence all the beauties of the creation would 
have been to us a bkuk. It is observed, that those eclipses of 
the first ftttellite whidi happ^ when Jujdter is near conjunotioii 
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ijS. 96), m by 16^ 26''*6 than those whldi take place when 
^e planet is hi opposition. As Jupiter is nearer to us when in 
oppoMtion by the whole bfeadth of the earth’s orbit than when in 
conjdnotion, this drcumstanoe is to be attributed to the time em- 
ployed by the rays of light in crossing the earth’s orbit, a distance 
of about 190,000,000 of miles ; whence it is estimated that light 
travels at tlic rate of 192,000 miles in one second. Such is its 
velocity, that the earth, moving at the rate of nineteen miles in 
a second, would take two months to jnss through a distance 
which a ray of light would dart over in eight minutes. The 
subsequent discovery of the aberration of light has fully con- 
firmed this astonishing^sult. • 

Objects appear to be situate in the direction of the rays which 
proceed from them. Were light propagated instantaneously, 
every object, whether at rest or in motion, would appear in the 
direction of these rays ; but, as light takes some time to travel, 
we see Jupiter in conjunction, by means of rays that left him 
16“ 26“*6 before ; but, during that time, we have changed our 
position, in consequence of the motion of the earth in its orbit : 
we therefore refer Jupiter to a place in which he is not. His true 
position is in the diagonal (N. 97) of the parallelogram, whose 
sides are in the ratio of the velocity of light to the velocity of the 
earth in its orbit, which is as i92,000 to 19, or nearly as 10,000 
to 1. In consequence of the aberration of light, the heavenly ■ 
bodies seem to be in places in v^ich they are not In feet, if 
the earth were at rest, rays from a star would pass along the axis 
of a telescope directed to it ; but, if the earth were to begin to 
move in its orbit with its usual velocity, these rays would strike 
against the side of the tube ; it would, therefore, be necessary to 
incline thq iplescope a little, in order to see the star. The angle 
oontaiDed between the axis of the telescope and a lihe drawn to 
Hie tnm place of the star is its aberration, which varies in 
quantity and direction in different i^arts of the earth’s orbit ; but, 
as it is only 20”*481, it is insensible in ordinary cases (N. 98). 

* The velocity of light deduced from the observed aberration of 
the fixed stars perfectly corresponds with that given by the 
eclipses of the first satellite. ,The same result, obtained feom 
sources so different, leaves not a doubt of its truth. Many ^uch 
beautiful coincidences, derived from* circumstances apparently . 
the most unpromising and disaijniiar, occur in physical astronomy, 
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and prove connections which we might othcr^fise he imable#to 
trace. The identity of the velocity of light, at the distance of 
Jupiter, and on the earth’s surface,* shows that its velocity is 
uniform; and as light consists in the vibrations of an elastic 
medium or ether filling space, the uniformity of its velocity 
show’s that the density of the medium throughout the whole 
extent of the solar system must be proportional toTts elasticity 
(N. 99). Among the fortunate conjectures which liave been 
confirmed by subsequent experience, that of Bacon is not the 
least remaikable^. “ It produces in mo,” says the restorer of true 
philosophy, “ a doubt whether the face of the serene and starry 
heavens bo seen at the instant it reallj^exists, or not till some 
time later: and whether there bo not, with respect to the 
heavenly bodies, a true time and^n apparent time, no less than 
a true place and an apparent place, as astronomers say, on 
account of parallax. For it seems incredible that the specie&or 
rays of the celestial bodies can pass through the immense inftWtl 
between them and us in an instant, or that they do not §iveii 
require some considerable portion of time.” 

Great discoveries generally lead to a variety of conclusions: 
the aberration of light affords a direct proof of the motion of the 
earth in its orbit ; and its rotation is i)roved by the theory of 
falling bodies, since tlic centrifugal force it induces retards the 
oscillations of the pendulum (N. 100) in going from the pole to 
tlic equator Thus a high degree of scientific knowledge has 
been requisite to dispel the errors of the senses (N. 237), 

The little that is known of the theories of the satellites of 
Saturn and Uranus is, in all respects, similar to that of Jupiter. 
Saturn is accompanied by eight satellites. The seventh is about 
the size of Mars, and the eighth was simultaneously^ discovered 
by Mr. Bond in America, and that distinguished astronomer Mr. 
Lassell, of Liverpool. The orbits of the two last have a sensible 
inclination to the piano of the ring ; but the great compression 
of Saturn occasions the other^ satellites to move nearly in the 
plane of his equator. So many circumstances must concur fo 
render the twro interior satellites visible, that they have very 
rarely been seen. They move exactly at the edge of the ring, 
•an^ their orbits never deviate from its* plane. In 1789 Sir 
William Herschel saw ^hem like beads, threading the slender 
line oflight which the ring is reduced to when seen edgewise 
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from the earth. And for a short time he perceived them advanc- 
ing off it at each end, when turning round in their orbits. The 
eclipses of the exterior satellites only take place when the ring is 
in this position. Mr. Lassell, with a powerful telescope, made 
by himself, has seen lapetus, the nearest of the two, on several 
occasions, even when the opening of the ring was very wide, 
which made it extremely difficult to see so minute an object. Of 
the situation of the equator of Uranus we know nothing, nor of 
his compression ; but the orbits of his satellites are nearly per- 
pendicular the plane of the ecliptic ; and, by analogy, ^ey 
ought to be in the plane of his equator. Uranus is so remote 
tliat he has more* the {q)pearance of a planetary nebula than a 
planet, which renders it extremely difficult to distinguish the 
satellites at all ; and quite ho 2 )eless without such a telescope as 
is rarely to bo met with even in observatories. Sir William 
Herschel discovered the two that are farthest from the planet, 
and ascertained their approximate periods, which his son after- 
wards determined to be IS** 11** 7® 12**6 and 8** 16** 56® 28'‘‘6 
respectively. The orbits of both seem to have an inclination of 
about 101'**2 to the plane of the ecliptic. The two interior 
satellites are so faint and small, and so near the edge of the 
planet, that they can with difficulty jbe seen even under the most 
favourable circumstances ; however, Mr, Lassell has ascertained 
that the more distant of the two revolves about Uranus in 4 days, 
and that nearest to the planet in 2^ days, and from a long and 
minute examination he is convinced -that the system only con- 
sists of four satellites. Soon after Neptune was seen Mr. Lassell 
discovered the only satellite known to belong to tliat planet. 
The satellites of Uranus and Neptune, the two- planets on tho 
remotest verge of tho solar system, offer the singular and only 
instance of a revolution from cast to west, while all the planets 
and all the other satellites revolve from west to east. Retrograde 
motion is occasionally met with in the comets and double stars. 
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Lunar Theory — Periodic Perturbations of the Moon — Equation of Centre 

— Erection — Variation — Annual Equation — iMr^ and Indirect 
Action of Planets — iTie Moon’s Action on the Earth dis^rbs her own 
Motion Ezcentricity and Indination of Lunar Orbit invariable 

— Acceleration — Secular Variation in Nodes and Perigee — Motion 
of Nodes and Perigee inseparably connected with .the Acceleration — 
Nutation of Lunar Orbit — Form and Internal Structure of the Earth 
determined from it — Lunar, Solar, and Planetary Eclipses — Occulta- 
tions and Lunar Distances ^ Mean Distance of the Sun from the Earth 
obtained from Lunar*Theory ~ Absolute Distances of the Planets, how 
found. 

*■ 

OvB constant companion, the moon, next claims our attention. 
Sereral circumstances concur to render her motions the most in- 
teresting, end at the same time the most difficult to investigate, 
of all the bodies of our system. In the solar system, planet 
troubles planet; but, in the lunar theory, the sun is the great 
disturbing cause, his vast being compaisated by his 

enormous magnitude, so that the motions of the moon are more 
irregular than those of the planets ; and, on account of the great 
ellipticity of her orbit, and the size of the sun, the approximations 
to her motions are tedious and difficult, beyond vvhat those un- 
accustomed to such investigations could imagine. The average 
distance of the moon from the centre of the earth is only 238,793 
miles, so that her motion among the stars is perceptible in a few 
hours. She completes a circuit of the heavens in 27* 7*» 43® 11**5, 
moving in an orbit whose excentricity is about 12,985 miles. 
The moon is about four hundred times nearer to the earth than 
the sun. The proximity of the moon to the earth keeps them 
together. For so great is the attraction of the sun, that, if the 
moon were farther from the earth, she would leave it altogether, 
and would revolve as an independent planet about the sun. 

The disturbing action (N. 101) of the sun on the moon is 
equivalent to three forces. The first, acting in the direction .of 
the line Joining the moon and earth, increases or diminishes her 
gravity to the earth. The second, acting in the direction of k 
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tangent to her orbit, disturbs her motion in lon^tude. And the 
third, acting perpendicularly to the plane of her orbit, disturbs 
her motion in latitude ; that is, it brings her nearer to, or removes 
her farther from, the plane of the ecliptic than she vrould other- 
wise be. The periodic perturbations in the moon, arising from 
' these forces, are perfectly similar to the periodic perturbations of 
the planets. But they are ‘much greater and more numerous; 
because the ^sun is so large, that many inequalities which are 
quite insensible in the motions of the planets, are of great mag- 
nitude in those of the moon. Among the innumerable periodic 
inequalities to which the moon’s motion in longitude is liable, 
the most remarkable are, the Equation of the Centre, which is the 
difference between the moon’s mean and true longitude, the 
Evection, the Variation, and the Annual Equation. The dis- 
turbing force which acts in the line joining the moon and eaHh 
produces the Evection : it diminishes the eccentricity of the lunar 
orbit in conjunction and opposition, thereby making it more 
circular, and augments it in quadrature, which consequently 
renders it more elliptical.. The period of this inequality is 'less 
than thirty-two days. Were the increase and diminution always 
the same, the Evection would only depend upon the distance of 
the moon from the sun ; but its absolute value also varies with 
her distance from the perigee (N. 102) of her orbit. Ancient 
astronomers, who observed the moon solely with a view to the 
prediction of eclipses, which can only happen in conjunction and 
opposition, wliere the eccentricity is diminished ty the Evection, 
assigned too small a value to the cUipticity of her orbit (N, 103). 
The Evection was discovered by Ptolemy fVom observation, about 
A.D. 140. The Variation prodheed by the tangential disturbing 
force, which is at its macimiim when the moon is 45^ distant 
from the sun, vanishes when that distance amounts to a quadrant, 
and also when the moon is in conjunction and opposition ; coiise- 
quentlyj that inequality never could have been discovered from 
the, eclipses : its period is half a lunar month (N. 104). The 
Annual Equation depends upon the sun’s distance from the 
earth : it arises from the moon’s motion being accelerated when 
that of the earth is retarded, and vice wrof— for, when the earth 
is in its perihelion, the lunar ori)it is enlarged by the action of 
the sun; therefore, the moon requires more time to perform 
her revolution. But, as the earth approaches its aphelion, the 
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moon’s orbit contracts, and less time is necessary to accomplish j 
her motion — its period, consequently, depends upon the time oy 
the year. In the eclipses the Annual Equation combines with tM 
Equation of the Centre of the terrestrial orbit, so that anci^t 
astronomers imagined the earth’s orbit to have a greater ev^en- 
tricity than modem astronomers assign to it. 

The planets disturb the motion of the moon both directly and 
indirectly ; their action on the earth alters its relative position 
with regard to the sun and moon, and occasions inequalities in 
the moon’s motion, which are more considerable than those 
arising from their direct action ; for the same reason the^ moon, 
by disturbing the earth, indirectly disturbs her own motion. 
Neither the excentricity of the lunar orbit, nor its mean inclina- 
tion to the plane of the ecliptic, have experienced any changes 
from secular inequalities ; for, although the mean action of tjbo 
sun on the moon depends upon the inclination of the lunar oiifit 
to the ecliptic, and the position of the ecliptic is subject 'to a 
secular inequality, yet analysis shows that it does udi occasion a 
secular variation in the inclination of the lunar orbit, because the 
action of the sun constantly brings the moon’s orbit to the same 
inclination to the ecliptic. Tlic mean motion, the nodes, and the 
perigee, however, are subject to very remarkable variations. 

From the eclipse observed at Babylon, on the 19 th of March, 
seven hundred and twenty-one years before the Christian era, 
the place of the moon is known from that of the sun at the 
instant of 'opposition (N. 83), whence her mean Ibngitude may 
be found. But the comparison of this mean longitude with 
another mean longitude, computed back for the instant of the 
eclipse from modem observations, shows that the moon per- 
forms her revolution round the earth more rapidly and in a 
shorter time now than she did formerly, and that the accelera- 
tion in her mean motion has been increasing from age to age as 
the square of the time (N. 106), * All ancient and intermediate 
eclipses confirm this, result. As the mean motions of the p{uiets 
have no secular inequalities, this seemed to be an imacconptablc 
anomaly. It was at one time attributed to the resistance of an 
ethereal medium pervading space, and at another to the succes- 
sive transmission of the gravitating- force. But, as La Place 
proved that neither of these causes, even if they exist, have any 
infiuence on the motions of tbe lunar perigee (N. 102> or nodes, 
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they could not affect the mean motion ; a variation in the mean 
motion from such causes being inseparably connected with varia- 
tions in the motions of the j[)erigce and nodes. That great n^athe^ 
matician, in studying the theory of ;j^|^r*s satellites, perceived 
that the secular variation in the ele)a|j^Wf Jupiter’s orbit, from 
the action of the planets, occasions changes in the 

motions of the satellites, which led to suspect that the 
acceleration in the mean motion of the nkioii might be connected 
with the secular Variation in the excentricity of the terrestrial 
orbit, Analysis has shown that he assigned the true cause of the 
acceleration. 

It is proved that the greater the excentricity of the terrestnal 
orbit, the greater is the disturbing action of the sun on the moon. 
Now, the excentricity has been decreasing for ages, the effect 
of the sun in disturbing the moon has been diminishing during 
that time. Consequeni|iy the attraction of the earth has had* a 
more and more powerful effect on tlie moon, and has been con- 
tinually diminishing the size of the lunar orbit. So that the 
njpon’s velocity has been giadually augmenting for many centu- 
ries to balance the increase of the earth’s attraction. This 
secular increase in the moon’s velocity is called the Acceleration, 
a name peculiarly appropriate at present, and which will continue 
to be so for a vast number of ages ; because, as long as the earth’s 
excentricity diminishes, the moon’s mean motion will be accele- 
rated ; but when the excentricity has passed its minimum, and 
begins to increase, the mean motion will be retarded from age to 
age. The secular acceleration is now about but its effect 
oil the moon’s place increases as the square of the time (N. 106). 
It is remarkable that the action of the planets, thus reflected by 
the sun to the moon, is much more sensible than their direct 
action either on the earth or moon. The secular diminution in 
the excentricity, which has not altered the equation of the centre 
of the sun by eight minutes since the Sliest recorded eclipses, 
has produced a variation of aliout 1® in the moon’s longitude, 
and of 7® 12' in her mean anomaly (N. 107). 

The action of the sun occasions a rapid but variable motion in 
the nodes and perigee of the lunar orbit. Though the nodes 
recede during the greater part of the moon’s revolution, and 
advance during the smaller, they perform their sidereal revolu- 
tion in flTOS** 9*» 23® or about 18 6-10 years; and the. 
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potigee accomplishes a icFolution, called of the moon's apsides, 
m8232d 13^ d8» 23^*6, or a little more than nine years, notwith-^ 
standing its motion is sometimes ^retrograde and sometimes 
direct : but such is the flifference between the disturbing energy 
of the sun and thaUxllIl IR the planets put together, that it 
requires no less than 103,830 yearn for the greater axis of .the 
terrestrial orbit to do the same, moving at the rate of 
annually. The form of the earth has no sensible effect either on 
the lunar nodes or apsides. It is evident that the same secular 
variation which changes the sun's distance from the earth, and 
occasions the acceleration in the moon's mean motion, must affect 
the nodes and perigee. It consequently appears, from theory as 
well as observation, that both these elements are subject to a 
secular inequality, arising from the variation in the excentricity 
of the earth’s orbit, which connects them with the Acceleration, 
so that both are retarded when the mean motion is anticipated. 
The secular variations in these three elements are in the ratio dt 
the numbers 3, 0*735, and 1 ; whence the three motions of tfafe 
moon, with regard to the sun, to her perigee, and to her nodes, 
are continually accelerated, and their secular equations are as the 
numbers 1, 4*702, and 0*612. A comparison of ancient eclipses 
observed by the Arabs, Greeks, and Chaldeans, imperfect as they 
are, with modern observations, confirms these results of analysis. 
Future ages will develop these great inequalities, which at some 
most distant period will amount to many circumferences (N. 108). 
They are, indeed, periodic ; but whoshall tell their period? 
of years must elapse before that great cycle is accomplishittf 
The moon is so near, that the excess of matter at the earth’s 
equator occasions periodic variations In h&t longiitude, and also 
that remarkable inequality in her latitude, already mentioned as 
a nutation in the lunar orbit, which diminishes its inclination to 
the ecliptic when the moon’s ascending node coincides with the 
equinox of spring, and augments it when that node cofneides 
with the equinox of autunih. As the cause must be proportional 
to the effect, a comparison of these inequalities, computed from 
theory, with the same given by observation, shows that the coin« 
pression of the terrestrial spheroid, or the ratio of the difference 
between the polar and the equatorial diameters, to the diameter 
of the equator, is It is proved analytically, a fluid 
^mass of homogeneous matter, whm partidea attract eadt oth^ 
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i&yersely as tbe squares of the distance, were to revolve about an 
axis as die earth does, it would assume the form of a spheroid 
whose compression is ^ .Since that is not the case, the earth 
cannot be homogeneous, but must decrease in density from its 
centre to its circumference. Thus the moon’s eclipses show the 
earth to he round ; and her inequalities not only determine the 
form, but even the internal structure of our planet ; results of 
analysis which could not have been anticipated. Similar ine- 
qualities in the motions of Jupiter’s satellites prove that his 
mass is not homogeneous, and that his compression is His 
equatorial diameter exceeds his poftr diameter by about 6000 miles. 

The phases (N. 109) of the moon, which vary from a slender 
Slavery crescent soon after conjunction, to a complete circular disc 
uHlght in opposition, decrease by the same degrees till the moon 
is again enveloped in the morning beams of the sun. These 
changes regulate the returns of the eclipses. Those of the sun 
can only happen in conjunction, when the moon, coming between 
the earth and the sun, intercepts his light. Those of the moon 
are occasioned by the earth intervening between the sun and 
moon when in opposition. As the earth is opaque and nearly 
spherical, it throws a conical shadow on the side' of the moon 
opposite to the snii, the axis of which passes through the centres 
of the sun and earth (N. 110). J^hc length of the shadow termi- 
nates at the point where the apparent diameters i(N. Ill) of the 
sun and earth would he the same. When the moon is in oppo- 
sition, and at her mean distance, the diameter of the sun would 
be seen from her centre under an angle of 1918"*1, . That of the 
earth would appear under an angle of 690B"*3. So that the 
length of the sWow is at least tWe times and a half greater 
than the distance of the moon from the earth, and the breadth of 
the shadow, where it is traversed by the moon, is about eight- 
thirds of the lunar diameter. Hence the moon would he eclipsed 
every time she is in opposition, were it not for the inclination of 
her orbit to the plane of the ecliptic, in .consequence of wMoh the 
moon, when in opposition, is either above or below the cone of 
the earth’s shadow, except when in or near her nodes. Her posi- 
tion with regard to them oco^sions all the varieties in the lunar 
eclipses. Every point of the moon’s surface successively loses 
the light df different parts of the sun’s disc before being eclipsed. 
Her brightness therefore gradually diminishes before she plunges* 



40 


ECLIPSES. 


Sect. V. 


into tha eartVs shadow. The breadth of the space occupied by 
the penumbra (N. 112) is equal to the apparent diameter of the 
sun, as seen from the centre of the paoon. The mean duration 
of a revolution of the sun, with regard to the node of the lunar 
orbit, is tp the duration of a synodic revolution (N. 113) of the 
moon as 223 to 19. So that, after a period of 223 lunar months, 
the sun and moon would return to the same relative position with 
regard to the node of the moon’s orbit, and therefore the eclipses 
would recur in the same order were not the periods altered by 
irregularities in the motions of the sun and moon. In lunar 
eclipses, our atmosphere bends^he sun’s rays which pass through 
it all round into the cone of the earth’s shadow. And as the 
horizontal refraction (N. 114) or bending of the rays surpasses 
half the sum of the semidiameters of the sun and moon, divided 
by their mutual distance, the^ centre of the lunar disc, supposed 
to be in the axis of the shadow, would receive the ray« from the 
same point of the sun, rolind all sides of the earth ; ‘so that it 
would be more illuminated than in full moon, if the greater por- 
tion of the light were not stopped or absorbed by the atmosphere. 
Instances are recorded where this feeble light has been entirely 
absorbed, so that the moon has altogether disappeared in her 
eclipses. 

The sun is eclipsed when ^e moon intercepts his rays (N. 
115). The moon, though incomparably smaller than the sun, is 
so much nearer the earth, that her apparent diameter differs but 
little from his, but both are liable to such variations that they 
alternately surpass one another. Were the eye of a si)ectator 
in the same straight lino w|th the centres of the sun and 
moon, he would see the sun eclipsed. If die apparent diameter 
of the moon surpassed that of the sun, the eclipse would be 
total. If it were less, the observer would see a ring of light 
round the disc of the moon, and the eclipse would be annular, 
as it was on the 17th of May, 1830, and on the 15th of March, 
1868, If the centre of the moon should not be in the straight 
line joining the centres of the sun and the eye of the ob- 
server, the moon might only eclipse* a part of the sun. The 
variation, therefore, in the distance of the sun and moon from 
the centre of the earth, and of the moon from her node at th§ 
instant of conjunction, occasions, great varieties in* the solar 
eclipses. Besiks, the height of the moon above the hori^n 
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changes her.,, apparent diameter, and may augment or diminish 
the apparent distances of the centres of the sun and moon, so that 
an eclipse of the sun may oecur to the inhabitants of one country, 
and not to those of another. In this respect the solar eclipses 
dilFer from the lunar, which are the same for every part of the 
earth where the moon is above the horizon. In solar eclipses, 
the light reflected by the atmosphere diminishes the obscurity 
they produce. Even in total eclipses the higher part of the 
atmosphere is enlightened by a part of the sun’s disc, and reflects 
its rays to the. earth. The whole disc of the new moon is fre- 
quently visible from atmospheric reflection. During the eclipse 
of the 19th of March, 1849, the spots on the lunar disc were dis- 
tinctly visible, and during that of 1866 the moon was like a 
beautiful rose-coloured ball floating in the ether : the colour is . 
owing to the refraction of the sun’s light passing through the 
earth’s atmosphei’c. 

In total solar eclipses the slender luminous arc that is visible 
for a few seconds before the sun vanishes and also before he re- 
* appears, resembles a string of pearls surrounding the dark edge of 
the moon ; it is occasioned by the sun’s rays passing between tho 
tops of the lunar mountains : it occurs likewise in annular eclipses. 

A phenomenon altogether unprecedented was seen during the 
total eclipse of tho suil which happened on the 8th of July, 1842. 
The moon was like a black patch on the sky surrounded by a faint 
whitish light or corona about the eighth of the moon’s diameter 
in breadth, which is supposed to be thp solar atmosphere ren- 
dered visible by the intervention of the moon, fn this whitish 
corona there appeared three rose-coloured flames like the teeth of 
a saw. Similar flames were also seen in the white corona of 
the total eclipse which took place *in 1851, and a long rose- 
coloured chain of what appeared to be jagged mountains or sierras 
united at the base by a red band seemed to be raised into tho 
corona by mirage ; but there is no doubt that the corona and'rcd 
phenomena belong to the sun. This red chain was so bright 
that Mr. Airy saw it illuminate tho northern horizon through an 
azimuth of 90® with red li^it. M. Faye attributes the rose- 
coloured protuberances to the constitution of the sun, which, like 
Bir William Herschel, he conceives to be an incandescent globe, 
consisting of two tsoncentric parts of very unequal density, the 
internal part being a dark spherical mass, the external a very 
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extensire atmoi^heTe, at a certain beigM in whicli there is a 
stratnm of Inminous donds which ocmstitutes the photosphere of 
the son ; above this rises his real atmosphere, so rare as to be 
only visible as a white aureola or corona during total and annular 
eclipses. M. Faye conceives that from the central mass gsseous 
eruptions issue, which form the spots by dissipating and partly 
extinguishing the luminous clouds, and then rising into t!:^ M^e 
atmoBi^ere above that they appear as rose-*ooloured {wotubenmces 
during annular eclipses. He estimates that the volnme of these 
vapours sometimes snrj^sses that of the earth a thousand or eVai 
two thousand times. Sir William Herschel attributed the (q)ots 
to occasional openings in the luminous coating, Which seems to 
be always in motion ; but whatever the cause of the spots may 
be, it is certainly periodical, llie white corona an<f beads were 
seen during the eclipse of the 15th March^ 1868, hut there wUre 
no rose-coloured appearances, in England at least ; but the tky 
was clouded, so that the eclipse was only visible at int^vals. 

Planets sometimes eclipse one another. On the 17th of May, 
1737, Mercury was eclipsed by Venus near i^ir inferior con- 
junction; Mars passed over Jupiter on the 9th of January, 
1591 ; and on the 30th of October, 1825, tiie moon eclipsed 
Satnm, These phenomena, however, happen iwry seldom, 
because all the planets, or even a part of them, are very raialy 
seen in conjunction at once ; that is, in the same part <if Ute 
heavens at the same time. More than 2500 yesgu 4hfore our 
era the five great planets were in conjunction. 15th of 

September, 1186, a similar assemblage took place the 

constellations of Virgo and Libra; and in 1801^iM|l^uon, 
Jupiter, Saturn, and Venus were united in theheart4f IfllLioii. 
These conjunctions are so tare, that Lalande has oompillld that 
more than seventeen millions of millions of years atljfttilllie the 
epochs* of the contemporaneous conjunctions of tfie six'^gfhat 
pfonets. 

The^motions of the moon have now become of more importance 
to the navigator and geographer than those of any other heavenly 
body, from the precision with which terrestriid longitude is 
determined by oocultations of stars, and by lunar distances. In 
consequence of the retrograde motion of the nodes of the lunar 
orlut, at die rate of 8* iU)''*64r daily, these points make a tour of 
the heavens in a little more thiim eighteen years and a half. 
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This causes the moon to move round the earth in a kind of 
sinral, so that her disc at different times passes over every point 
in a zone of the heavens cKtending rather more than 5" 9' on 
each side of the ecliptic. It is therefore evident that at one time 
or other she*must eclipse every star and planet she meets with in 
this space. Therefore the occultation of a star by the modti is a 
phenomenon of frequent occurrence. % The moon seems to pass 
over the star, which almost instantaneously vanishes at one side 
of her disc, and after a short time as suddenly reappears on the 
other. A lunar distance is the observed distance of the moon 
from the sun, or from a particular star or planet, at any instant. 
The lunar theory is brought to such perfection, that the times of 
these phenomena, observed under any meridian, when compared 
with those computed for that of Greenwich, and given in the 
Hautical Almanac, furnish the longitude of the observer within a 
f6>r miles (N. 95.) 

From the lunar theory, the mean distance of the sun from the 
earth, and thence the whole dimensions of the solar system, are 
known; for the forces which retain the earth and moon in their 
orbits are respectively prc^rtional to the radii vectores of the 
earth and moon, each being divided by the square (ff its periodic 
time. And, as the lunar theory gives the ratio of the forces, the 
ratio of the distances of the sun and moon from the earth is 
obtained. Hence it appears th&t the sun-s mean distance from 
the earth is 399*7 or nearly 400 times greater than that of the 
moon.' The method of finding the absolute distances of the. 
celestial bodies, in miles, is in fact the same with that employed 
in measuring the distances of terrestrial objects. From the ex- 
of a known base (N. 116), the angles which the visual 
rays fiom the object form with it are measured ; their* sum sub- 
tracted frmn two right angles gives the angle opposite the base ; 
therefore, by trigonometry, all the an^es and sides of the triangle 
may be computed — consequently the distance of the object is 
found. The angle under which the base of the triangle is seen 
Hffm the oljeci; is the parallax of that object. It evidently in- 
famises and decreases with the distance. Tbmefore the base must 
be very great indeed to be visible from the celestial bodies. The • 
^obe itself, whose dimensioBs are obtained by actual admeasure- 
xamit fuinishesastaudard of measures with which we compare the 
distaaoes, masses, densities, and volumes of the sim and pbaela. 
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SECTION VI. 

Pom of the Earth and Planets — Figure of a Homogeneous Spheroid in 
Rofavtion — Figure of a Spheroid of variable Density — Figure of the 
Earth, supposing it to be an Ellipsoid of Revolution — Mensuration of a 
Degree of the Meridian — Compression and Size of the Earth ^from 
Degrees of Meridian — Figure of Earth fipom the I’endulum. 

The theoretical investigation of the figure of the earth and planets 
is so complicated, that- neither the geometry of Newton, nor the 
refined analysis of La Place, has attained more than an approxima- 
tion. The solution of that difficult problem has been accomplished 
by our distinguished countryman Mr. Ivory. The investigation 
has been conducted by successive steps, beginning with a simple 
case, and then proceeding to the more difficult. But, in all, the 
forces which occasion the revolutions of the earth and planets are 
omitted, because, by acting equally upon all the particles, they 
do not disturb their mutual relations. A fluid mass of uniform 
density, whose particles mutually gravitate to each other, will 
assume the form of a sphere when at rest. But, if the sphere 
begins to revolve, every particle will de#ribe a circle (N. 117), 
having its centre in the axis of revolution. , The planes of all 
these circles will he parallel to one another and perpendicular to 
the axis, and the particles will have a4endency to fly from that 
axis in consequence of the centrifugal force arising from the 
velocity of rotation. The fora^of gravity is eveiy where perpen- 
dicular to the surface (N. 118), and tends to the interior of the 
fluid mass ; whereas the centrifugal force acts perpendicularly to 
the axis of rotation, and is directed to the exterior. And, as its 
intensity diminishes with the distance from the axis of rotation, 
it decreases from the equator to the poles, where it ceases. Now 
it is clear that these two forces^ are in direct opposition to each 
other in the equator aldUc, and that gravity is there diminished 
hy the whole effect of the centrifugal force, whereas, in every 
other part of the fluid, the centrifugal force is resolved into two 
parts; one of which, •being perpendicular to the surface, diminishes 
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the force of gravity ; hut the otiier, being at a tangent to the sur- 
1^, urges the particles towards the equator, where they accu- 
.l^ulato till their numbers compensate the diminution of gravity, 
which makes the mass bulge at the equator, and become flatten^ 
^ the poles. It appears, then, that the influence of the centrifugal 
force is most powerful at the equator, not only because it is 
■ actually greater there than elsewhere, but because its whole effect 
is employed in diminishing gravity, whereas, in every other point 
of the fluid mass, it js only a part that is so employed. For both 
diese reasons, it gradually decreases towards the poles, where it 
ceaites.* On the contrary, gravity is least at the equator, because 
the particles are farther from the centre of the mass, and increases 
towards the poles, where it is greatest. It is‘evident, therefore, 
that, as the centrifugal force is much less than the force of 
gravity— gravitation, which is the difference between the two, is 
least at the equator, and continually increases towards the poles, 
where it is a maximum. On these principles Sir Isaac Newton 
* proved that a homogeneous fluid (N. 119) mass in rotation 
assumes the form of an ellipsoid of revolution (N. 120), whose 
compression is Such, however, cannot be the form of the 
earth, because the strata increase in density towards the centre. 
The lunar inequalities also prove the earth to be so constructed ; 
it was requisite, therefore, to consider the fluid mass to be of 
variable density. Including this condition, it has been foupd 
that the mass, when in rotation, would still assume the form of 
an ellipsoid of revolution *(N, 120) ; that the particles of equal 
density would arrange themselves in concentric elliptical strata 
'(N: 121), the most dense being in the centre ; but that the com- 
pression or flattening would be less than in the case of the 
homogeneous fluid. The compression is still less when the mass 
is considered to be, as it actually is, a solid nucleus, decreasing 
regularly in density from the centre to the surface, and partially 
covered by the ocean, because the solid parts, by their cohesion, 
nearly destroy that part of the centrifugal force which gives the 
particles a tendency to accumulate at the equator, though not 
altogether ; otherwise the sea, by the superior mobility of its 
particles, would flowtowards the equator and leave the poles 
dry. Besides, it is well known that the continents at the 
equator are more elevated than they are in higher latitudes. It 
is also necessary for the equilibrium of the ocean that its density 
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should be less than the mean density of the earth, otherwii^ the 
continents would be perpetually Habl^ to inundations froin storms 
and other causes. On the whole, it appears from theory, that a 
horizontal line passing rouiid the earth*throagh both poles must 
be nearly an ellipse, having Jts major axis jn the plane of the 
equator, and its minor axis coincident with the axis of the cai-th’s 
rotation (N. 122). It is easy to show, in a spheroid whose strata 
are elliptical, that the increase in the length of the radii (N. 123), 
the decrease of gravitation, and the increasejn the length of the 
arcs of the meridian, corresponding to angles of one degree, from 
the poles to the equator, are all proportional to the square of the 
cosine of the latitude (N. 124). These quantities are so con- 
nected with the ellipticity of the spheroid, that the total increase 
in the length of the radii is equal to the compression or iiatten^g, ' 
and the total diminution in the length of the arcs is equ^^^e ^ 
compression, multiplied by three times the length of^SH^jof 
one degree at the equator. Hence, by measuring the 
curvature of the earth, the compression, and consequently' its ’ 
figure, become known. This, indeed, is assuming the earth to 
be an ellipsoid of revoltffcion ; but the actual measurement of the 
globe will show how far it corresponds with that solid in figure 
and constitution. 

The courses of the great rivers, which are in|[eneral navigable 
to a considerable extent, prove that the curvature of the land 
differs but little from that of the ocean ; and, as the heights of 
the mountains and continents are inconsiderable when compared 
with the magnitude of the earth, its figure is understood to be 
determined by a surface at every point perpendicular to*^the 
direction of gravitation, or of the plumb-line, and is the same 
which the sea would have if it were continued all round the 
earth beneath tliie continents. Such^ is the figure that has been 
measured in the following manner ; — 

A terrestrial meridian is a line passing through both poles, all 
the points of which have their noon contemporaneously. Were 
the lengths and curvatures of difierent meridians known, the 
figure of the earth might be determined. But the length of one 
degree is sufficient to give the figure of the earth, if it he m^- 
sured on different meridians, and in a variety of iatitudes. For, 
if the earth were a sphere, idl degrees would be . ofthe saxn^ 
length ; bnt, if not, the lengths of the degrees would be greater, 
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esqictiiy m proportion m tho curvature is less. A comparkon of 
the lengtii of a degree m different parts of the earth’s surface will 
Uie^fQre detenniue its size dnd form. 

An are of the meridian ihay be measured by determining 
the latitude of its extreme points by astronomical observalions 
(N. 125), and then measuring the distance between them in 
feet (»r fathoms. The distance thus determined on the surface 
of the earth, divided by the degrees and parts of a degree 
contained in the difference of the latitudes, will give the exact 
lei^th of one degree, the difference of the latitudes being 
the angle contained between the vei*ticals at the extremities 
of the arc. This would be easily accomplished were the distance 
unobstructed and on a level with the sea. But, on account 
of the innumerable obstacles on the surface of the earth, it is 
necessary to connect the extreme points of the arc by a series 
of triangles (N. 126), the sides and angles of which are either 
measured or computed, so that the length of the arc is ascertained 
with much labmions calculation. In consequence of the irre- 
gularities of the surface each^ triangle is in a different plane. 
They must therefore be reduced by computation to what they 
would have been had they been measured on the surface of the 
sea. And, as the earth may in tliis case he esteemed spherical, 
they require a correction to reduce them to spherical triangles. 
The officers who Anducted the trigonometrical survey, hi mea- 
suring 500 feet of a base in Ireland twice over, found that the 
difference in the two measurements did not amount to the 800th 
part of an inch ; and in the General Survey of Great Britain, five 
bases wer9 measured from 5 to 7 miles long, and some of them 
400 miles apart, yet, when connected by series of triangles, the 
measured and computed lengths did not differ by more than 
3 inches, an unparalleled degree of accuracy ; but such is the 
accuracy with which these operations are conducted. 

Arcs of the meridian have been measured in a variety of lati- 
tudes in both hemispheres, as well as arcs perpendicular to the 
meridian. From these measurements it appears that the length * 
of the degrees increases from the equator to the poles, nearly in 
proportion to the square of the sine of the latitude (N. 127). 
Consequently, the convexity of the earth diminishes from the 
equator to the poles. 

Were the earth an ellipsoid of revolution, the meridians woi^ 
be ellipses whose lesser axes would coincide with the axis of 
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rotation, and all the degrees measured between the pole and the 
equator would give the same compression when combined two 
and two. That, however, is far from being the case. Scarcely 
any of the measurements give exactly the same results, chiefly 
on account of local attractions, which cause the plumb-line to 
deviate from the vertical. The vicinity of mountains produces 
that effect. One of the most remarkable anomalies of this kind 
has been observed in certain localities of northern Italy, where 
the action of some dense subterraneous matter causes the plumb- 
line to deviate seven or eight times more than it did from 
the atttSaction of Chimborazo, in the observations of Bougueri^ ' 
while measuring a degree of the meridian at the equator. Itt 
consequence of this local attraction, the degrees of thfc raeridi^ 
in tliat part of Italy seem to increase towards the equator 
a small space, instead of decreasing, as if the earth iirM. dilllfcL 
out at the. poles, instead of being flattened. , . ; w 

Many other discrepancies occur, but from the rpte^pf the five 
principal measurements of arcs in Peru, India, England, 

and Lapland, Mr. Ivory has deduced that the figtite which most 
nearly follows this law is an ellipsoid of revol]q^jili.whose equa- 
torial radius is 3962*824 miles, and the polar radius 3949*585 
miles. The difference, or 13*239 miles, divided by tp equatorial 
radius, is ^ nearly * (N. 128). This fraction is^Sifed the com- 
pression of the earth, and does not^differ mu%L from that given 
by the lunar inequalities. Since the preceding quantities were 
determined, arcs of the meridian haye been measured in various 
parts of the globe, of which the most extensive are the Bussian 
arc of 25° 20 / between the Glacial Sea and the Danubefconducted 
under the superintendence of M. Struve, and the Indian arc ex- 
tended to 21° 21', by Colonel Everest. The compresBion deduced 
by Bessel from the sum of ten arcs is 298t, the equatorial radius 
8962*802, and the polar 3949*554 miles, whilst Mr. Airy arrives 
at an almost identical result (3962*824, 8949*585, and 298^) 
from a consideration of all the arcs, measured up to 1881, in- 
' eluding the great Indian* and Bussian ones* If* We assume the 
earth to he a sphere, the length of a degree of the meridian is 
69^ English miles. Therefore 360 degrees, or . equa^ 

* Sir John Herschel remarks that there are jt»t as of 

feet in a degree of the meridian in our latitude .as there am 4ay|:^ the 
year, viz. £^5,000. 

The Greenwich Observatory is in N, lat. 51° 28' 4Q", 
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torial circumference of the globe, is 24,899 English miles. 
Eratosthenes, who died 194; years before the Christian era, wm 
the first to give an approximate value of the earth’s circum- 
ference, \y the measurement of an arc between Alexandria and 
Syene. 

There is another metliod of finding the figure of the earth, 
totally difterent from the preceding, solely depending upon the 
increase of gravitation from the equator to the poles. The force 
of gravitation at any place is measured by the descent Cf a heavy 
Ixxly during the first second of its fall. And the intensity of the 
c4h(3rifugal force is measured by the deflection of any point from 
the tah^ht in a second. For, since the centrifugal force balances 
the attraction of the earth, it is an exact measure of the gravi- 
tating force. Were the attraction to cease, a body on the surface 
of the earth would fly off in the tangent by the centrifugal force, 
instead of bending round in the. circle of rotation. Therefore, 
the deflection of the circle from the tangent in a second measures 
the intensity of the earth’s attraction, and is equal to the versed 
sine of the arc described during that time, a quantity easily 
determined from the known velocity of the earth’s rotation. 
Whence it has been found that at the equator the centrifugal 
force is equal to the 289th part of gravity. Now, it is proved 
by analysis that, whatever the constitution of the earth and 
planets may be, if the intensity of gravitation at the equator be 
taken equal to unity, the sum of the compression of the ellipsoid, 
and the whole increase of gravitation from the equator to the 
pole, is equal to five halves of the ratio of the centrifugal force to 
gravitation at the equator. This quantity with regard to the 
earth is } of or ttVs- Consequently, the compression of the 
earth is equd to diminished by the whole increase of gravi- 
tation. So that its form will be known, if the whole increase of 
gravitation from the equator to the polo can be determined by 
experiment. This has been accomplished by a method founded 
upon the following considerations : — If the earth were a homoge- 
neous sphere without rotation, its attraction on bodies at its surface 
would be everywhere the same. If it be elliptical and of variable 
density, the force of gravity, theotetically, ought to increase 
from ^0 eqx^^r to Ihe pole, as unity plus a constant quantity 
.multiplied into the square of the sine of the latitude (N. 127). 
But for a spheroid, id rotation the centrifugal force varies, by the 
laws of mechanics, as the square of the sine of the latitude, from 
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the equator, where it is greatest, to the pole, where it vanishes. 
And, as it tends to make bodies dy pff the surface, it diminishes 
the force of gravity by a small quantity. Hence, by gravitation, 
which is the difference of these two forces, the fall ^f bodies 
ought to be accelerated from the equator to the poles proportion- 
ably to the square df the sdne of the latitude ; and the weight of 
the same body ought to increase in that ratio. This is directly 
proved by the oscillations of the pendulum (N. 129), which, in 
fact, is a falling body ; for, if the fall of bodies be accelerated, 
the oscillations will be more rapid: in order, therefore, that they 
may always he performed in the some time, the length of the 
pendulum must be altered. By numerous and careful experi- 
ments it is proved that a pendulum, which oscillates 86,400 
times in a mean day at the equator, will do the same at every 
point of the earth’s surface, if its length be increased progre^vely 
to the pole, as the square of the sine of the latitude. ^ . 

From the mean of these it appears that the whole decrease of 
gravitation from the poles to the equator is 0*005*144:9, which, . 
subtracted from Tb* 3 > shows that the compression of the terres- 
trial spheroid is about This value has been deduced by 

the late Mr. Baily, president of the Astronomical Society, who 
devoted much attention to this subject ; at the same time, it may 
be observed that no two sets of pendulum experiments give the 
same result, probably from local attractions. The compression 
obtained by this method does not differ much from that given by^> 
the lunar inequalities, nor from the arcs in the direction of the" 
meridian, and those perpendicular to it. The near coincidence 
of these three values, deduced by methods so entirely independent 
of each other, shows that the mutual tendencies of the centres of 
the celestial bodies to one another, and the attraction of the earth 
for bodies at its surface, result from the reciprocal attraction of 
all their particles. Another proof may be added. The nutation 
of the earth’s axis and the precession of the equinoxes (N. 146) are 
occasioned by the action of the sun and moon on the protuberant 
matter at the earth’s equator. And, althou^ these inequaUties 
do not give the absolute value of the terrestrial compression, they 
show that the fraction expressing it is comprised between the 
limits, sb and 

It mi^t be expected that the same compression should result 
from each, if the different methods of observation could be made 
without error. This, however, is not the case ; for after allow- 
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DEPTH OF THE SEA. 

ance has been made for every cause of error, such discrepancies 
are found, both in the degree of the meridian and in the length 
of the pendulum, as show that the figure of the earth is very 
complicated. But they are so s&all, when compared with the 
general results, that they may be disregarded, The compression 
deduced from the mean of the whole appears^ot to differ much 
from shf ; that given by the lunar theory has the advantage of 
being independent of irregularities of the earth’s surface and 
of local attractions. The regularity with which the observed 
variation in the length of the pendulum follows the law of the 
square of the sine of the latitude proves the strata to be elliptical, 
hnd symmetrically disposed round the centre of gravity of the 
dearth, which affords a strong presumption in favour of its 
original fluidity. It is remarkable how little ixifiuence the sea 
has on the variation of the lengths of the arcs of the meridian^ ; 
or oh gravitation ; neither does it much affect the lunar inequalr 
itiesj- from its density being only about a fifth of the mean 
density of the earth. For, if the earth were to become fluid, 
after being stripped of the ocean, it would assume the form of an 
ellipsoid of revolution whose compression is which differs 
very little from that determined by observation, and proves, not 
only that the density of the ocean is inconsiderable, but that its 
mean depth is very small. There are profound cavities in the 
bottom of the sea, but its mean depth probably does not much 
exceed the mean height of the continents and islands above its 
level. On this account, immense tracts of land may be deserted 
or overwhelmed by the ocean, as appears really to have been the 
c^e, without any great change in the form of the terrestrial 
spheroid. The variation in the length of the pendulum was first 
remarked by Richter in 1672, while observing transits of the 
fixed stars across the meridian at Cayenne, about five degrees 
norM of the equator. He found that his clock lost at the rate of 
2“ 28“ daily, which induced him to determine the length of a 
pendulum bating seconds in that latitude ; and, repeating the 
experimenia on his return to Europe, ho found the seconds* pen- 
dulum at Paris to be more than the twelfth of an inch longer than 
that at Cayenne. The form and size of the earth being deter- 
mined, a standard of measure is furnished with which the dimen- 
sions of the solar system may be compared. 
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Parallax — Lunar PainQlax found from Direct Observation •— S6lar Paral* 
lax deduced from the Transit of Venus Distance of the Sun from the 
Earth — Annual Parallal — Distance of the l^xed Stars. 

The parallax of a celestial body is the angle under which the 
radius of the earth would be seen if viewed from the centre of 
that body; it affords the means of ascertaining the distanclQS 
of the sun, moon, and planets (N. 130). When the moon is in 
the horizon at the instant of rising or setting, suppose lines to 
be drawn from her centre to the spectator and to the centre of 
the earth: these would form a right-angled triangle the 
terrestrial radius, which is of a known length ; andj - ftthe 
parallax or angle at the moon can be measured, all thol^gles 
and one -side are given ; whence the distance of the moon from 
the centre of the earth may be computed. The parallax of an 
object may be found, if two observers under the same meridian, 
but at a very great distance from one another, observe its zenith 
distances on the same day at the time of its passage over the 
meridian. By such contemporaneous observations at \hc Cape of 
Good Hope and at Berlin, the mean horizontal parallax of the 
moon was found to be 3459", whence the mean distance of the moon 
is about sixty times the greatest terrestrial radius, or 237,608 miles 
nearly.* Since the parallax is equal to the radius of the earth 
divided by the distance of the moon, it varies with the distance 
of the moon from the earth under the same parallel of latitude, 
and proves the ellipticity of the lunar orbit. When the moon 
is at her mean distance, it varies with the terrestrial radii, thus 
showing that the earth is not a sphere (N. 131). 

Although the method described is sufSmently accurate for 
finding the parallax of an object as near as the moon, it will not 
answer for the sun, which is so remote that the smallest error in 
observation would lead to a folse result. But that difficulty is 
obviated by the tiansits of Venus. When ^t planet is in her 
nodes (N. 132), or within li^ of thetn^ is; in, or nearly in, 
the phme of the ecliptic, she is occasibaally^ s^ over the 

* Or more eorrectly mid 258,793 miles, as deduced from 

Mr. Adams’ more accurate Oalculatiohs. 
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sun like a black spot. If we could imagine that the sun and 
Venus had no parallax, the line described bj the planet on his 
disc» and the duration of thd transit, would be the same to all 
the inhabitants of the earth. But, as the semi-diaineter of the 
earth has a sensible magnitude when viewed from the centre of 
the sun, the line described by the planet jn its passage over 
his disc appears to be nearer to his centre, or farther from it, 
according to the position of the observer ; so that the duration of 
the transit varies with the different points of the earth’s surface 
at which it is observed (N. 133). This difference of time, being 
pntirely the effect of parallax, furnishes the means of computing 
itffroin the known motions of the earth and Venus, by the same 
method^ as for the eclipses of the sun. In fact, the ratio of the 
distances of Venus and the sun from the earth at the time of 
the transit is known from the theory of their elliptical motion. 
Consequently the ratio of the parallaxes of these two bodies, 
being inversely as thdr distances, is given ; and as the transit 
gives the difference of the parallaxes, that of the sun is obtained. 
In 1769 the parallax of the sun was determined by observations 
of a transit of Venus made at Wardhus in Lapland, and at 
Tahiti in the South Sea. The latter observation was the object 
of Cook’s first voyage. The transit lasted about six hours at 
Tahiti, and the difference in duration at these two stations was 
eight minutes ; whence the sun’s horizontal parallax was found 
to be 8"’72. But by other considerations it has been reduced by 
Professor Enoke to 8"’5776 ; from which the mean distance of 
the sun appears to be about ninety-five millions of miles. This 
is confirmed %y an inequality in the motion of the moon, which 
depends upon the parallax of the sun, and which, when compared 
with observation, gives 8"‘6 for the sun’s parallax. The transits, 
of Venus in 1874 and 1882 will be unfavourable for ascertaining 
the accuracy of the solar parallax, and no other transit of that 
planet will take place till the twenty-first century ; but in the 
mean time recourse may be had to the oppositions of Mars. 

The parallax of Venus is determined by her transits ; that of 
Mars by direct observation, and it is found to be nearly double 
that of the sim, when the planet is in opposition. The distance 
of these two planets from the &rth is therefore known in ter- 
restrial radii, consequently their xhean distances from the sun 
may be computed ; and as the ratios of the distances of the 
planets from the sun are known by Kepler’s law, of the squares 
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of the periodic times of any two planets being as the cubes, of 
their mean distances from the sun, their absolute distances in 
miles are easily found (N. 134). This law is very remarkable, 
in thus uniting all the bodies of the system, and extending to 
the satellites as well as the planets. 

Far as the earth seems to be from the sun, Uranus is no less 
" than nineteen, and Neptune thirty times farther. Situate on the 
verge of the system, the sun must appear fmm Uranus not much 
larger than Venus does to us, and from Neptune as a star of the 
Rfth magnitude. The earth cannot even be visible as a telescopic 
object to a body so remote as either Uranus or Neptune^ Yet man, 
the inhabitant of the earth, soars beyond the vast dimensions of the 
system to which his planet belongs, and assumes the diameter of 
its orbit as the base of a triangle whose apex extends to the stars. 

Sublime as the idea is, this assumption proves ineffectual, 
except in a very few cases ; for the apparent places of the fixed 
stars are not sensibly changed by the earth’s annual revolution. 
With the aid derived from the refinements of modern astronomy, 
and of the most perfect instruments, a sensible parallax has been 
detected only in a very few of. these remote suxis. a Centauri 
has a parallax of one second of space, therefore it id the nearest 
known star, and yet it is more than two hundred tbousaxii^^^ 
farther from us than the sun is. At such a distance. 
the terrestrial orbit shrinks to a point, but the whole solarl^^an, 
seen in the focus of the moat powerful telescope, might be eclipsed 
by the thickness of a spider’s thread. Li^t, flying at the rate of 
190,000 miles in a second, would take more than three years to 
travel over that space. One of the nearest stars|kay therefo^^ 
have been kindled or extinguished more than three years before 
we could have been aware of so mighty an ev^t Biit this 
distance must be small when compared with that of the niost 
remote of the bodies which'are visible in the heavens; The fixed 
stars ai^ undoubtedly luminous like the sun : it is thereiore 
probable that they are not nearer to one another than the sun is 
to the nearest of them. In the milky way and the other, sta^ 
nebulas, some 6f the stars that seem to us to be 
may be far behind them in the boundless depth of , space); nay, 
may be ratiohally supposed to be situate many tho^ 
farther off. Light would therefore require of to 

come to the earth from those myriads of sfins of rrixich our own 
is but “ the remote companion.” 
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SECTION VIII. 

Maipes of Planets that have no Satellites determined from their Perturba* 
tions — Masses of the others obtained fix>m the Motions of their Satel- 
lites — Masses of the Sun, the Earth, of Jupiter and of the Jovial 
System — Mass of the Moon — Real Dimeters of Planets, ?how obtained 
— Si*e of Sun, Densities of the Heavenly Bodies — Formation of Astro- 
nomical Tables — - Requisite Data and Means of obtaining them. * 

The masses of such planets as have no satellites are known by 
comparing the inequalities they produce in the motions of the 
earth and of each other, determined tlieoretically, with the same 
inequalities given by observation ; for the disturbing cause must 
necessarily be proportional to the effect it produces. The masses 
of the satellites themselves may also be cornered with that of 
the sun by their perturbations. Thus, it is found, from the 
comparison of a vast number/ of observations with La Place’s 
theory of Jupiter’s satellites, that the mass of the sun is no less 
than 65,000,000 times greater than the least of these moons. 
But, as the quimtities of matter in any two primary planets are 
directly as the cubes of the mean distances at which their satellites 
revolve, and inversely as the squares of their periodic times 
(N. 135), the mass of the sun and of any planets which have 
satellites, may be compared with the mass of the earth. In this 
manner it Hicomputed that the mass of the sun is 354,936 times 
that of the earth ; whence the great perturbations of the moon, 
and the rapid motion of the perigee and nodes of her orbit 
(N; 136); - Even Jupiter, the largest of the planets, has been 
found by Professor Airy to be 1P47*871 times less than the sun ; 
and, indeed^ the mass of the whole Jovial system is not more 
than the l()^*4th part of that of the sun. So that the mass of 
4be satelli|e8 bears a very sniaU proportion to t^ of their primary. 
The massf^f the moo^^ determined from several sources— -from 
her acrion ph the terrestrial equator, which occasions the nutation 
in the axis rotation ; from her horizontal parallax ; from an 
ineqiiaUty-^^$a^ in the sqn’s longitude ; and, from her ^ 
action oh' ^ first quantities, computed from 
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theory and compared with their ol^erved values, give her nfass 
respectively equal to the ,^. 3 , and part of tliat of the earth, 
which do not differ much from eadb other. Dr. Brinkley has 
found it to he ^ from the constant of lunar nutation : hut, from 
the moon’s action in raising the tides, her mass appears to he 
about the part of that of the earth~a value that cannot differ 
*much from the truth. 

The apparent diameters of the sun, moon, and planets are 
determined by measurement ; therefore their real diameters may 
be compares with that of the earth ; for the real diameter of a 
placet is to the real diameter of the earth, or 7926 miles, as the 
' apparent diameter of the planet to the apparent diameter of f^e 
earth as seen from the planet, that is, to twice the parallax of tSS 
planet. According to Bessel, the mean apparent diameter cf 
the sun is 1923'' *64, and with the solar parallax 8"*577% ft? 
will be found that the diameter of the sun is about 886,877 
miles. Therefore, if the centre of the sun. were to coincide with 
the centre of the earth, his volume would not only include the 
orbit of the moon, but would extend nearly as far &gain ; for the 
moon’s mean distance from the earth is about sixty times the 
earth’s equatorial radius, or 238,793 miles : so that twice the dis- 
tance of the moon is 477,586 miles, which differs but little from 
the solar radius; his equatorial radius is probably not much less 
than the major axis of the lunar orbit. T}m diameter of the 
moon is only 2160 miles ; and Jupiter’s dianajlfftrf'Of 88,200 miles 
is very much less than that of the sun ; the diameter of Pallas 
does not much exceed 79 miles, so that an inhabitant of that 
planet, in one of our steam carriages, might go round his world 
in a few hours. The diameters of Lutetia and Atalanta are only 
8 and 4 miles respectively ; but the whole of the 65 telescopic 
planets are so small, that their united mass is probably not more 
than the fifth or sixth part of that of the moon. 

The densities of bodies are proportional to their masses, divided 
by their volumes. Hence, if the sun and planets be assumed to 
be spheres, their volumes will be as the cubes of their diameters. 
Now, the apparent diameters of the sun and earth, at their mean 
distance, are 1923"*6 and 17"*1552, and the mass of the'earth is 
the 354,936th part of that of the sun taken as the unit. It 
follows, therefore, that the« earth is four times as dense as 
the sun. But the sun is so large that his attractive force would 
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cause bodies to fall through about 834*65 feet in a second. 
Consequently, if he were habitable by human beings, they would 
be unable to move, since tbeir weight would be thirty times 
as great as it is here. A man of moderate size would weigh 
about two tons at the surface of the sun ; whereas at the surface 
of some of the new planets he would be so light that it would be 
impossible to stand steady, since he would only weigh a few 
pounds. The mean density of the earth has been determined by 
the following method. Since a comparison of the action of two 
planets upon a third gives the ratio the masses of these two 
planets, it is clear that, if we ean compare the effect of the 
whole earth with the effect of any part of it, a comparisoiftnay 4 
be instituted between the mass of the whole earth and the mass 
of that part of it. Now a leaden bail was weighed against the 
earth by comparing the effects of each upon a pendulum ; the 
nearness of the smaller mass making it produce a sensible effect 
as compared with that of the larger : for by the laws of attract 
tion the whole earth must be considered as colleeted in its centre. 
By this method it has been found that the mean density of the 
earth is 5*660 times greater than that of water at the tempera- 
ture of 62® of Fahrenheit’s thermometer. The late Mr* Daily, 
whose accuracy as an experimental philosopher is acknowledged, 
was. unremittingly occupied nearly four years in accomplishing 
this very important object. In order to ascertain the mean 
density of the earth still more perfectly, Mr. Airy made a series 
of experiments to compare the simultaneous oscillations of two 
pendulums, one at the bottom of the Harton coal-pit, 1260 feet 
deep, in Northumberland, and the other on the surface of the 
ear^ immediately above it. The oscillations of the pendulums 
were compared with an astronomical clock at each station, and 
the time was instantaneously transmitted from one to the other 
by a telegraphic wire. The oscillations were observed for more 
than 100 hours continuously, when it was found that the lower 
pendulum made 21 oscillations more in 24 hours than the upper 
one. The experiment was repeated for the same length of time 
with the same result ; but on this occasion the upper pendulum 
was taken to the bottom of the mine and the lower brought to 
the surface. From the difference between the oscillations at the 
two stations it appears that gravitation at the bottom of the 
mine exceeds that at the surface by tbe igbs and that the 

T) 8 
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mean density of the earth is 6*565, which is greater than that 
obtained by Mr. Baily by *89. While employed on the trigono- 
metrical survey of Scotland, Colonel James determined the mean 
density of the earth to he 5*316, from a deviation of the 
plumMine amounting to 2", caused by the attraction of Arthur^s 
Seat and the heights east of Edinburgh : it agrees more nearly with 
the density found by Mr. Baily than with that deduced from Mr. 
Airy’s experiments. All the planets and satellites appear to be 
of less density than the earth. The motions of Jupiter^s satellites 
show that his density increases towards his centre. Wore his 
mass homogeneous, his equatorial and polar axes would be in the 
' ratio tf 41 to 36, whereas they are observed to be only as 41 to 
38. The singular irregularities in the form of Saturn, and the 
great compression of Mars, prove the internal structure of these 
two planets to be very far from uniform. 

Before entering on the theory of rotation, it may not be foreign 
to the subject to give some idea of the methods of computing 
the places of the planets, and of forming astronomical tables. 
Astronomy is now divided into the three distinct departments of 
theory, observation, and computation. Since the problem of the 
three bodies can only be solved by approximation, the analytical 
astronomer determines the position of a planet in space by a 
series of corrections. Its place in its circular orbit is first found, 
then the addition or subtraction of the equation of the centre 
(N. 48) to or from its mean place gives its position in the 
ellipse. This again is corrected by the application of the prin- 
cipal periodic inequalities. But, as these are determined for 
some particular position of the three bodies, they require to be 
corrected to suit other relative positions. This process is con- 
tinued till the corrections become less than the errors of observa- 
tion, when it is obviously unnecessary to carry the approximation 
further. The true latitude and distance of the planet from the 
sun are obtained by methods similar to those employed for the 
longitude. 

As the earth revolves equably about its axis in 24 hours, at 
the rate of 15^ in an hour, time becomes a measure of angular 
motion, and the principal element in astronomy, where the object 
is to determine the exact state of the heavens and the successive 
changes it undergoes in all ages, paet, present, and to come. 
Now, the longitude, latitude, and distance of a planet from the 
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sun are given in terms of the time, by general analytical formula3. 
These formulas will consequently give the exact place of the body 
in the heavens, for any tim^ assumed at pleasure, provided they 
can be reduced to numbers. But before the calculator begins 
his task the observer must famish the necessary data, which 
are, obviously, the forms of the orbits, and their positions with 
regard to the plane of the ecliptic (N. 67). It is therefore neces- 
sary to determine by observation, for each planet, the length of 
the major axis of its orbit, the excentricity, the inclination of the 
orbit to the plane of the ecliptic, the longitudes of its perihelion 
and ascending node* at a given time, the periodic time of the 
planet, and its longitude at any instant arbitrarily assumed, as 
an origin from whence all its subsequent and antecedent longi- 
tudes are estimated. Each of these quantities is determined 
from that position of the planet on which it has most influence. 
For example, the sum of the greatest and least distances of the 
planet from the sun is equal to the major axis of the orbit, and 
their difference is equal to twice the excentricity. The longi- 
tude of the planet, when at its least distance from the sun, is the 
same with the longitude of the perihelion ; the greatest latitude 
of the planet is equal to the inclination of the orbit : the longitude 
of tlie planet, when in the plane of the ecliptic in passing towards 
the north, is the longitude of the ascending node, and the 
periodic time is the interval between two consecutive passages of 
the planet through the same node, a small correction being made 
for the precession of the node during the revolution of the planet 
(N. 137). Notwithstanding the excellence of instruments and 
the accuracy of modern observers, unavoidable errors of observa- 
tion can only be compensated by finding the value of each ele- 
ment from the mean of a thousand, or ev^ many thousands of 
observations. For as it is probable tliat the errors are not all jn 
. one direction, but that some are in excess and others in defect, 
they will compensate each other when combined. 

However, the values of the elements determined separately 
can only be regarded as approximate, because they are so con- 
nected that the estimation of any one independently will induce 
erroi*s in the others. The excentricity depends upon the longi- 
tude of the perihelion, the mean motion depends upon the major 
axis, the longitude of the node upon the inclination of the oybit, 
and wee versa. Consequently, the place of a planet computed 
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with the appiroximate data will difiTer from its observed place. 
Then the difficulty is to ascertain what elements are most in 
fault, ^lice the difference in questicij is the error of all ; that is 
obviated by finding the errors of some thousands of observations, 
35 ^ combining them, so as tocorrkt the elements simultaneously, 
and to make the sum of the squares of the errors a minimum 
with regard to each element (N. 138), The method of accom- 
plishing this depends upon the Theory of Probabilities ; a subject 
fertile in most important results in the various departments of 
science and of civil life, and quite indispensable in the deter- 
mination of astronomical data. A series of observations con- 
tinued for some years will give approximate values of the secular 
and periodic inequalities-, which must be corrected from time to 
time, till theory and observation* agree. And these again will 
give values of the masses of the bodies forming the solar system, 
which are important data in computing their motions. The 
periodic inequalities derived from a great number of observations 
are employed for the determination of the values of the masses 
till such time as the secular inequalities shall be perfectly 
known, which will then give them with all the necessary pre- 
cision. When all these quantities are determined in numters, 
the longitude, latitude, and distance of the planet from the sun 
are computed for stated intervals, and formed into tables, ar- 
ranged according to the time estimated from a given epoch, so 
that the place of the body may be determined from them by 
inspection alone, at any instant for perhaps a thousand years 
before and after that epoeh. By this tedious process, tables have 
been computed for all the great planets, and several of the 
small, besides the moon and the satellites of Jupiter, In 
the present state of ^tronomy the masses and elements of the 
orbits are pretty well known, so that the tables only requite 
to be corrected from time to time as observations become 
more acfiurate. Those containing the motions of Jupiter, 
Saturn, and Uranus have already been twice constructed within 
the last thirty years, and the tables of Jupiter and Saturn 
agree almost perfectly with modem observation. The following 
prediction will be found in the sixth edition of this book, pub- 
lished in the year 1842 : “ Those of Uranus, however, are already 
defective, probably because the discovery of that planet in 1781 
is too recent to admit of much precision in, the detextaination of 
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its motions, or that possibly it may be subject to disturbsfi^s 
from some unseen planet revolving about the sun beyond the 
present boundaries of our t^stem.. If, after a lapse of yeara^ the 
tables formed from a combination of numerous ob^rvations 
should be still inadequate to represent the motions of Uranus, 
the discrepancies may reveal the existence, nay, even the mass and 
orbit, of a body placed for ever beyond the sphere of vision/* * 
That prediction has been fulfilled since the seventh edition of 
this book was published. Not only the existence of Neptune, 
revolving at the distance of three thousand millions of miles from 
the sun, has been discovered from his disturbing action on 
Uranus, but his mass, the form and position of his o^tju, s^ace* . 
and his periodic time had been determined before the planel^^ 
been seen, and the planet itself was discovered in the very^im 
of the heavens which had been assigned to it. It h^ been 
noticed for years that the perturbation of Uranus had increased 
in an unaccountable manner (N. 139). After the disturbing 
action of all the known planets had been determined, it was 
found that, between the years 1833 and 1887, the observed and 
computed distance of Uranus fmm the sun differed by 24,000 
milegj|.which is about the mean distance of the moon from the 
earth, while, in 1841, the error in the geocentric longitude of the 
planet amounted to 96". These discrepancies were therefore 
attributed to the attraction of some unseen and unknown planet, 
consequently they gave rise to a case altogether unprecedented 
. in the history of astronomy. Heretofore it was required to de- 
termine the disturbing action of one known planet upon another. 
Whereas the inverse problem had now to be solved, in which it 
was r^uired to find the place of an unknown body in the heavens, 
at a given time, together with its mass, and the form and posi- 
tion of its orbit, from the disturbance it produced on the motions 
of another. The difficulty was extreme, because all the elements 
of the orbit of Uranus were erroneous from the action of Neptune, 
and those of Neptune's orbit were unknown. In this dilemma 
it was necessary to form some hypothesis with regard to the 
unknown planet ; it was therefore assumed, according to Bede's 
empirical law on the mean distances of the planets, that it 
was revolving at twice the distance of Uranus from the sun. 

* Neptune was discovered in the year 1846. 
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In feet, the periodic time of Uranus is about 84 years, and, as the 
discrepancies in his motions increased slo^y and regularly, it 
was evident that it would require a, planet with a much longer 
periodic time to produce them— moreover, it was clear that the 
new planet must be exterior to Uranus, otherwise it would have 
disturbed the motions of Saturn. 

Another circumstance tended to lessen the difficulty; the 
latitude of Uranus was not much affected, therefore it was con- 
cluded that the inclination of the orbit of the unkno^vh body 
must be very small, and, as that of the orbit of Uranus is only 
46' 28"-4, both planets were assumed to be moving in the plane 
of the ecliptic, and thus the elements of the orbit of the unknown 
planet were reduced from six^to four. Having thus assumed 
that the unknown body was revolving in a circle in the plaQ,e 
of the ecliptic, the analytical expression of its action 
motion of Uranus, when in numerous i)oints of its or]^ 4^ 
compared with the observed longitude of Uranus, 
regular series of years, by means of which the fauliy elements 
of the orbit of Uranus were eliminated, or got rid of, and there 
only remained a relation between the mass of the new planet and 
three of the elements of its orbit; aud it then.was necessary to 
assume such a value for two of tliem as would suit the rest. 
That was accomplished so dexterously, that the perturl>ations of 
Uranus were perfectly conformable to the motions of Neptune, 
moving in the orbit thus found, and the pktee of the new planet 
exactly agreed with observation. Sttbseqnently its orbit and 
motions have been determined more aceurately. 

The honour of this admirable e£f^t dti^nius is shared by Mr. 
Adams and M. Le Verrier, whoj mdependently of each other, 
arrived at these wonderful results. Mr. Adams had determined 
the mass and apparent diameter of Neptune, with all the circum- 
stances of its motion, eight months before M. Le Verrier had 
terminated his results, and h^ also pointed out the exact spot 
where the planet would he found ; but the English observers 
neglected to look for it till M. Leverrier made known his 
searches, and communicated its position to Dr. Galle, at Berlm, 
who found it the very first night ha looked for it, and then it 
was evident that it would have been^f^ in the place Mr. Adams 
had assigned to it eight months hefor^aa it been looked for. So 
closely did the results of these two great mathematioians agree. 
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Neptune haa a diameter of 39,793 miles, consequently be !£ 
nearly 200 times l^ger than the earA, and may be seen with a 
telescope of moderate power. His motion is retrograde at pre* 
sent, and six times slower than that of the earth. At so great a 
distance from the sun it can only have the ijnsth part of the light 
and heat the earth receives ; but having a satellite, the deficiency 
of light may in some measure be supplied. 

The prediction may now be transferred from Uranus to N^ 
tune, whose perturbations may reveal the existence of a planet 
. still further removed, which may for ever remain beyond the 
reach of telescopic vision — ^yet its mass, the form and position of its 
orbit> and all the circumstances of its motion may become known, 
and the limits of the solar system may still be extended hundreds 
of millions of miles. 

The mean distance of Neptune from the sun has subsequently 
proved to be only 2893 millions of miles, and the period of his 
revolution 166 years, so that Baron Bode’s law, of the interval 
between the orbits of any two planets being twice as great as the 
inferior interval and half of the superior, fails in the case of 
Neptune, though it was useful on the first approximation to his 
motions ; and since Botle’s time it has led to the discovery of fifty- 
five telescopic planets revolving between the orbits of Mars and 
Jupiter, some by chance, others by a systematic search on the 
faith that these minute planets arc fragments of a larger body 
that has exploded, because their distances from the sun are nearly 
the same ; the lines of the nodes of some of their orbits terminate 
in the same points of the heavens, and the inclinations of their 
orbits are such as might have taken place from their mutual 
disturbances at the time of the explosion, and while yet they 
were near enough for their fonns to affect their motions. The 
orbits of the more recently discovered asteroids show that this 
hypothesis is untenable. 

The tables of Mars, Veuiis, and even those of the sun, have 
been greatly improved, and still engage the attention of our 
Astronomer Boyid, Mr. Airy, and other eminent astronomers. We 
are chiefiy indebted to the German astronomers for tables of 
the four older telescopic planets, Vesta, Juno, Geres, and Fallas ; 
the others have only been discovered since the year 1845. . 

The determination of the path of a planet when disturbed by 
all the others, a problem which has employed^ the talents of the 
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•greatest astronomers, from Newton to the present day, is only 
successfully accomplished with regard to the older planets, which 
revolve in nearly circular orbits, but Jittle inclined to the plane 
of the ecliptic. When the excentricity and inclination of the 
orbits are great, their analysis fails, because the series expressing 
Uie co-ordinates of the Ijodies become extremely complicated, and 
do not converge when applied to comets and the telescopic planets. 
This difficulty has l)een overcome by Sir John Lubbock, and other 
mathematicians, who have the honour of having complctal the 
theory of planetary motion, which becomes every day of more 
importance, from the new planets that have been discovered, and 
also with regard to comets, many of which return to the sun at 
regular intervals, and from whose perturbations the masses of the 
planets will be more accurately determined, and the retarding 
influence of the ethereal medium better known. 
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SECTION IX. 

Rotation of the Sun and Planets — Saturn’s Rings — Periods of the Rota- 
tion of the Moon .and other Satellites equal to the Perioils of their Rero- 
Intions — Form of Lunar Spheroid — Libr.ation, .\si)ect| and Constitution 
of the Moon — Rotsition of Jupiter’s Satellites. 

The oblate form of several of the planets indicates rotatory 
motion. This has been confirmed in most cases by tracing spots 
on their surface, by which their iK)les and times of rotation have 
l)een determined. The rotation of Mercury i.s unknown, on 
account of his proximity to the .sun ; that of the new planets has 
not yet been ascertained. The sun revolves in twenty-five days 
and ten hours about an axis which is directed towards a jM^int lialf- 
way between the pole-star Jiiid <i of Tiyra, the ^jlaiio of rotation 
Ixjing inclined by 7® 30', or a little more than seven degrees, to the 
plane of the ecliptic : it may therefore he concluded that the sun’s 
mass is a spheroid, flattened at the poles. From tlic rotation of 
the sun, there was every reason to Ixilicve that he has a pro- 
gressive motion in space, a circiimslancc which is confirmtal by 
observation. But, in consecpience of the reaction of tlio planets, 
ho describes a small irregular orbit about the centre of gravity 
of the system, never deviating from his position by more than 
twice his own diameter, or a little more than .seven times the 
distance of the moon from the earth. The sun and all his 
attendants rotate from west to east, on axes that remain nearly 
parallel to themselves (N. 140) in every point of their orbit, 
and with angular velocities tliat arc sensibly uniform (N, 141). 
Although the uniformity in the direction of their rotation is a 
circumstance hitherto unaccounted for in the economy of nature, 
yet, from the design and ada[)tation of every other part to the 
perfection of the Vliole, a coincidence so remarkable cannot he 
accidental. And, as the revolutions of the planets and satellites 
are also from west to ea.st, it is evident that both must have 
arisen from the primitive cause which determined the planetary 
motions,* Inde^, La Place has computed the probability to he 

* The satellites of the two great planets on the farthest verge of the 
solar system form a singular exception to this law. 
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os four millions to one that all the motions of the planets, both 
of rotation and revolution, were at once imparted by an original 
common cause, but of which we know neither the nature nor 
the epoch. 

The larger planets rotate in shorter periods than the smaller 
planets and the earth. Their compression is consequently^eater, 
and the action of the sun and of their satellites occasions a 
nutation in their axes and a precession of their equinoxes (N. 147) 
similar to that which obtains in the terrestrial spheroid, from the 
attraction of the sun and moon on the prominent matter at the 
equator. Jupiter revolves in less than ten hours round an axis at 
right angles to certain dark belts or bands, which always cross his 
equator. (See Plate 1.) This rapid rotation occasions a very great 
compression in his form. His equatorial axis exceeds his polar axis 
by 6000 miles, whereas the difference in the axes of the earth is 
only about twenty-six and a half. It is an evident consequence 
of Kepler’s law of the squares of the periodic times of the planets 
being ;is the c^bes of the major axes of their orbits, that tiiS 
heavenly bodies move slower the farther they are from the sun. 
In comparing the periods of the revolutions of Jupiter .and 
Saturn with the times of their rotation, it appears thifit a yeatbf 
Jupiter contains nejarly ten thousand of his days, aiid.^uit of 
Saturn about thirty thousand Saturnian days, 

The appearance of Saturn is unparalleled in the system of the 
world. He is a spheroid nearly 1000 times larger than the earth, 
surrounded by a ring even brighter than himself, which always 
remains suspended in the plane of his equator : and, viewed with 
a very good telescope, it is found to consist of two concentric 
rings, divided by a dark band. The exterior ring, as seen 
through Mr. Lassell’s great equatorial at Malta, has a dark- 
striped band through the centre, and is altogether less bright 
than the interior ring, one half of which is extremely brilliant ; 
while the interior half is shaded in rings like the seats in 
on amphitheatre. Mr. Lassell made the remarkable discovery 
of a dark transparent ring, whose edge coincidls with the inner 
edge of the interior ring, and which occupies about half tlie 
space between it and Saturn. He compares it to a band of .dark- 
coloured crape drawn across a portion of the disc of the planet, 
and the part projected upon the blue sky is also transparent. At 
the time these observations were made at Malta, Captain Jacob 
, discovered the transparent ring at Madras. It is conjectured to be 
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fluid ; even the luminous rings cannot be very dense, since the 
density of Saturn himself is known to bo less than the eighth 
part of that of. the earth.* A transit of tlie ring across a star 
might reveal something concerning this wonderful object. The 
ball of Saturn is strip^ by belts of diflerent colours. At the 
time of these observations the part above the ring was bright 
white ; at his equator there was a ruddy belt divided in two, 
above which were belts of a bluish green alternately dark and 
light, while at thci^ole there was a circular space of a pale colour. 
(See Plate 2.) The mean distance of the interior part of the double 
ring from the surface of the planet is about 22,240 miles, it is no 
less than 33,360 miles broad, but, by the estimation of Sir John 
Herschel, its thickness does not much exceed 100 miles, so tliat 
it appears like a plane. By the laws of mechanics, it is impos- 
sil^e that this body can retain its position by the adhesion of 
its particles alone. It must necessarily revolve with a velocity 
that will generate a centrifugal force sufficient to balance the 
attraction of Saturn. Observation confirms i^e truth of these 
principles, showing that the rings rotate from west to east about 
the planet in ten hours and a half, which is nearly the time a 
satellite would take to revolve about Batum at tho some distance. 
Their plane is inclined to the ecliptic, at an angle of 28° 10 44"*5 ; 
in consequence' of this obliquity of i) 08 ition, they always apjHjar 
elliptical to us, but with an excentricity so variable as even to 
be occasionally like a straight line drawn across tho planet. In 
tho beginning of October, 1832, tho plane of tho rings passed 
through the centre of the earth ; in that position they are only 
visible with very superior instrifmenta, and ajjfjear like a fine line 
across the disc of Saturn. A1x)ut the middle of December, in tho 
same year, the rings became invisible, witli ordinary instruments, 
on account of their plane passing through the sun. In the end 
of April, 1833, tho rings vanished a second time, and reapi)eared 
in June of that year. Similar phenomena will occur as often as 
Saturn has the same longitude with either node of his rings. 
Each side of these rings has alternately fifteen years of sunshine 
and fifteen years of darkness. 

It is a singular result of theory, that the rings could not 
maintain their stability of rotation if they were eveiywhere of 
uniform thickness ; for the smallest disturbance would destroy 
the equilibrium, which would become more and more deranged, 
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till, at last, they would be precipitated on the surface of the 
planet. The rings of Saturn must therefore be irregular solids, 
of unequal breadth in different parts ef the circumference, so that 
their centres of gravity do not coincide with the centres of their 
figures. Professor Struve has also discovered that the centre of 
the rings is not concentric with the centre of Saturn. Tlie 
interval between the outer edge of the globe of the planet and 
the outer edge of the rings on one side is 11"’272, and, on the 
other side, the interval is 11" *390, consequently there is an 
excentricity of the globe in the rings of 0''*215. If the rings 
obeyed different forces, they would not remain in the same plane, 
hut the powerful attraction of Saturn always maintains them 
.and his satellites in the plane of his equator. The rings, by their 
mutual action, and that of the sun and satellites, must oscillate 
about the centre of Saturn, and produce i)henomena of light and 
shadow whose periods extend to many years. According to 
M. Bessfd the mass of Saturn’s ring is equal to the y}g part of 
that of the planet. 

The ixjriods of rotation of the moon and the other satellites 
are equal to the times of their revolutions, consequently these 
bodies always turn the same face to their primaries. However, 
as the mean motion of the moon is subject to a secular inequality, 
which will ultimately amount to many circumferences (N. 108), 
if the rotation of the moon were perfectly uniform and not 
affected by the same inequalities, it would cease exactly to 
counterbalance the motion of revolution ; and the moon, in the 
course of ages, would successively and gradually discover efey 
point of her surface to the earth; But theory proves that this 
never can haJ)lx^n ; for the rotation of the moon, though 
not partake of the periodic inequalities of her rovoluttofitj'^^fi 
affected by the same secular variations, so that her motions of 
rotation and revolution round the earth will always balance each 
other, and remain equal. This circumstance arises from the form 
of the lunar spheroid, which has three principal axes of different 
lengths at right angles to each other. 

moon is flattened at her poles from her centrifugal force* 
therefore her polar axis is the least. Tlie other two are in the 
plane of her equator, hut that directed towards the earth is the 
greatest (N, 142). The attraction of the earth, as if it had 
drawn out that part of the moon’s equator, constantly brings the 
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greatest axis, and consequently the same hemisphere, towards us, 
which makes her rotation p|irticipate in the secular variations of 
her mean motion of revolution. Even if the angular velocities 
of rotation and revolution had not been nicely balanced in Ao 
beginning of the moon’s motion, the attraction of the earth 
would have recalled the greatest axis to the direction of the lino 
joining the centres of the moon and earth ; so that it would have 
vibrated on each side of that line in the same manner as a 
pendulum oscillates on each side of the vertical from the influence 
of gravitation. No such libiution is perceptible ; and, as the 
smallest disturbance would make it evident, it is clear that, if 
the moon has ever been touched by a comet, the mass of the 
latter must have been extremely small. If it had been only 
tlie hundred thousandth part of that of the earth, it would have 
rendered the libration sensible. According to analysis, a similar 
libration exists in the motions of Jupiter’s satellites, which still 
remains insensible to observation, and yet the comet of 1770 
passed twice through the midst of them. 

The moon, it is true, is liable to librations depending upon the 
position of the spectator. At her rising, part of the western edge 
of her disc is visible, which is invisible at her sotting, and the 
contrary takes place with regard to her eastern edge, I'hcre are 
also librations arising from the relative iwsitions of the earth and 
moon in their resiiective orbits ; but, as they are only optical 
.apixjai-ances, one hemisphere will 1 k} eternally concealed from the 
earth. For the same reason the earth, which must he so splendid 
an object to one lunar hemisphere, Avill be for ever veiled from 
the other. On account of these circumstaupcs, the remoter 
hemisphere of the moon has its day a fortnight long, and a night 
of the sam^ duration, not even enlightened by a moon, while the 
favoured side is illuminated by the reflection of the earth during 
its long night. A planet exhibiting a surface tliirtcen times 
larger than that of tlie moon, Avith all the varieties of clouds, 
land, and water, coining euccessively into view, must be a 
splendid object to a lunar traveller in a journey to his antipodes. 
The great height of the lunar motmtains probably has a consi- 
derable influence on the phenomena of her motion, the more so 
as her compression is small, and her mass considerable. In the 
curve passing through the poles, and tliat diameter of the moon 
which always points to the earth, nature has furnished a perma- 
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nent meridian, to which the different spots on her surface hay^e 
been referred, and their positions ar^ determined with as muc& 
accuracy as those of many of the most remarkable places on the 
surface of our globe. According to the observations of Professor 
Secchi at Borne, the mountains of the moon are mostly volcanic 
and of three kinds. The first and oldest have their borders 
obliterated, so that they look like deep wells ; the second, which 
are of an intermediate class, have elevated, and, for the most 
part, regular unbroken edges, with the ground around them 
raised to a prodigious extent in proportion to the size of the 
volcano, with generally an insulated rock in the centre of the 
crater. Tlie third, and most recent class, are very small, and 
seem to be the last effort of the expiring volcanic force, which is 
probably now extinct. 

The distance and minuteness of Jupiter’s satellites render it 
extremely difficult to ascertain their rotation. It was, howevdr, 
accomplished by Sir William Herschel from their relative bi^t- 
ness. He observed that they alternately exceed each ot^)|* in 
brilliancy, and, by comparing the maxima and minima ofljj^up 
illumination with their positions relatively to the siin and to tlms: 
primary, he found that, like the moon, th6 time of their rotaifi^ 
is equal to the jieriod of their revolution about Jupiter. Miraldi 
was led to the same conclusion with regard to the fourth satellite^ 
from the motion of a spot on its surface. -o* ^ 
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Rotation of.the Earth invariable — Decrease in the Earth’s mean Tempra- 
ture — Earth originally in a state of Fusion — I-ongth of Da^ constant 
— Decrease of Temperature ascribed by Sir John Hcrschel to the varia- 
tion in the Eicentricity oi‘ the Terrestiial Orbit — Difference in the 
Temperature of the two Hemispheres erroneously ascribed to the Excess 
in the Length of Spring and Summer in the Southern Hemisphere ; attri- 
buted by Sir Charles Lyell to the Operation of existing Causes — Three 
principal Axes of Rotation — Position of the Axis of Rotation on the 
Surface of the Eartli invariable — Ocean not suificient to restore the 
Equilibrium of the Earth if deranged — Its Density and mean IX'pth 
— Internal Structure of the Earth. 

The rotation of the earth, which determines the length of tho 
day, may he regarded as one of tho most important elements in 
the system of the world. It servos as a measure of time, and 
forms the standard of oomparison for tho revolutions of the 
celestial bodies, which, by their proix)rtional increase or decrease, 
would soon disclose any changes it might sustain. Theory and 
observation concur in proving that, among tlio imiumcrablc vicis- 
situdes which prevail throughout creation, the period of the 
earth’s diurnal rotation is immutable. ^Phe water of rivers, 
falling from a higher to a lower level, carries with it the velocity 
due to its revolution with the earth at a greater distance from 
the centre ; it will therefore accelerate, although to an almost 
infinitesimal extent, the earth’s daily rotation. The sum of all 
these increments of velocity, arising from the descent of all 
the rivers on the earth’s surface, would in time become pcrcej)- 
tible, did not nature, by tlic proc(!Ss of evaporation, raise the 
waters back to their sources, and thus, by again removing matter 
to a greater distance from the a*ntre, destroy the velocity gene- 
rated by its previous approach ; so that the descent of rivers 
does not affect the earth’s rotation. Enormous masses projected 
by volcanoes from the equator to the i)olcs, and the contrary, 
w-duld indeed affect it, but there is no evidence of such convul- 
sions. The disturbing action of the moon and planets, which has 
so powerful an effect on the revolution of tho earth, in no way 
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influenceff its rotation. The <jonstant friction of the trade winds 
on the mountains and continents b^etween the tropics does not 
impede its velocity, which theory even proves to be ^e same as 
if the sea, together with the earth, formed one solid mass. But, 
although these circumstances be insufBcient, a variation in the 
mean temperature would certainly occasion a corresponding 
change in the velocity of rotation. In the science of dynamics 
it is a pjrinciple in a system of bodies or of particles revolving 
about a fixed centre, tliat the momentum or sum of the products 
of the mass of each into its angular velocity and distance from 
the centre is a constant quantity, if the system be not deranged 
by a foreign cause. Now, since the number of particles in Jjhe 
system is the same whatever its temperature may be, when^«|||ff 
distances from the centre are diminished, their angular 
must be increased, in order that the preceding quantity ma^till 
remain constant. It follows, then, that, as the primitive mo- 
mentum of rotation with which the earth was projected into 
space must necessarily remain the same, the smallest decrease in 
heat, by contracting the terrestrial spheroid, would accelerate its 
rotation, and consequently diminish the length of the day, No|i^ 
withstanding the constant accession of heat from the sun’s raj^^^ 
geologists have been induced to believe, from the fossil remajafej 
that the mean temperature of the globe is decreasing. ^ 

The high temperature of mines, hot springs, and above all the 
internal fires which have produced, and do still occasion, such 
devastation on our planet, indicate an augmentation of heat 
towards its centre. The increase of density corresponding to the 
depth and the form of the spheroid, being what theory assigns to 
a fluid mass in rotation, concurs to induce the idea that the tem- 
perature of the earth was originally so high as to reduce all the 
substances of which it is composed to a statu of fusion or of 
vapour, and that in the course of ages it has cooled down to its 
present state ; that it is still becoming colder ; and that it will 
continue to do so till the whole mass arrives at the temperature 
of the medium in which it is placed, or rather at a state of equi- 
librium between this temperature, the cooling power of its own 
radiation, and the heating effect of the sun’s rays. 

Previous to the formation of ice at the poles, the ancient lands 
of northern latitudes might, no doubt, have been capable of pro- 
ducing those tropical plants preserved in the coal-measures, if 
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indeed such plants could flourish without the intense light of a 
tropical sun. But, even if* the decreasing temx)erature of the 
earth be sufficient to produce the observed effects, it must be 
extremely slow in its operation ; for, in consequence of the 
rotation of the earth being a measure of the periods of the celes- 
tial motions, it has been prove4 that, if tlie length of the day 
had decreased by the three-thousandth part of a second since the 
observations of Hipparchus two thousand years ago, it would 
have diminished the secular equation of the moon by 44'''4. It 
is, therefore, beyond a doubt that the mean temperature of the 
earth cannot have sensibly varied during that time. If, then, 
the appearances exhibited* by the .strata are •really owing to a 
decrease of intenial temperature, it either shows the immense 
periods requisite to produce geological changes, to which two 
thousand years are as nothing, or that the meum temperature of 
the earth had arrived at a state of equilibrium before these 
observations. 

However strong the indications of the primitive fluidity of the 
earth, as there is no direct proof of it, the hypotheifls can only 
be regarded as very probable. But one of the most profound 
philosophers and elegant writers of modern times has found in 
the secular variation of the excentricity of the terrestrial orbit 
an evident cause of decreasing temperature. That accomplished 
author, in pointing out the mutual dependencies of phenomena, 
says, ** It is evident that the mean temperature of the whole 
surface of J;hc globe, in so far as it is maintained by the action of 
the sun at a higher degree than it would have were the sun ex- 
tinguished, must depend on the moan quantity of the sun*s rays 
which it receives, or — which comes to the same thing — on the 
total quantity received in a given invariable time ; and, the 
length of the year being unchangeable in all the fluctuations of 
the planetary system, it follows that tlie total amount of solar 
radiation will determine, carter is paribus, the general climate of 
the earth. Now, it is not dilhcult to show th^t this amount is * 
inversely projiortional to the minor axis of the ellipse described 
by the earth about the sun (N. 143), regarded as slowly vari- 
able ; and that, therefore, the major axis remaining, as we know 
k to be, constant, and the orbit beilfg actually in a state of 
approach to a circle, and consequently the minor axis being on 
the increasjs, the mean annual amount of solar radiation received 

K , 
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by the whole eartli must be actually on the decrease. We have, 
therefore, an evident real cause to account for the phenomenon,’’ 
Tho limits of the variation in the cxccn tricity of tlie earth’s orbit 
are unknown. But, if its ellipticity has ever been as great as 
that of the orbit of Mercury or Pallas, the mean temperature of 
the eartli must have been sensiljy higher than it is at present. 
Whether it was great enough to render our nortliern climates ftt 
for the production of tropical plants, and for the residence of the 
ele|)ha.;it and other animals now inhabitants of tho torrid zone, it 
is impossible to say. 

Of tlie decrease in temperature of the northern hemisphere 
there is ahundaiit* evidence jn the fossil plants discovered in 
very high latitudes, which could only have existed in a tropical 
climate, and which must have grown near the spot.wherc they 
arc found, from the delicacy of their structure and the perfect 
state of their prosorvatiou. ^J'his change of tein|>craturo has been 
erroneously ascrilxid to an excess in the duration of spring and 
summer in the northern hemisphere, in consequence of the excen- 
tricity of tltti solar elli t'se. ’fhe length of the seasons Wies with 
tlie ]X)sition of the jieriholion (N. G4) of the cartji’s orbit for two 
reasons. On account of tlie cxcentricity, simill as it is, any line 
passing through the centre of tlie sun divides the terrestrial 
ellipse into two imc(|ual parts, and by the laws of e]lii>tical 
motion the earth moves through these two i>ortions with unequal 
velocities. The pijrilielioii always lies in tho smaller ])ortiun, 
and there the earth’s motion is the most rapid. In tl;c presgiit 
[losition of the periliclion, spring and summer north of the equator 
exceed hy ahout eight days the duration of the same seasons 
south of it. And 10,11)2 years ago the soiU-herii hemisphere 
enjoyed tlie advantage wo now ])osscss from the secular varia- 
tion of the pevilielion. Yet Sir John llerschel has shown that 
by this alternation nciyicr hemisphere acquires any excess of 
light or heat above the otlier ; for, although the eartli is nearer 
* to the sun while moving tlirough that part of its orbit in which 
tho i)eriliclion lies than in tlie other part, and consequently 
receives a greater quantity of light and beat, yet as it moves 
faster it is exposed to the heat for a shorter time. In the other 
part of the orbit, on the contrary, the earth, being farther fron> 
tho aim, receives fewer of his rays ; but because its motion is 
slower, it is exposed to them for a longer time ; and, as in both 
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coses the quantity of heat ami the anguliir velocity vary exactly 
in the same proiiortion, a •perfect compensation takes place 
(N, 144), So that the excentricity of the earth’s orbit has little 
or no elfect on the temperature corrcBpomliiig to the difierence of 
the seasons. 

Sir Charles Lycll, in his excellent works on Geology, refers the 
increased cold of the northern hcnns{)hcre to the operation of 
existing causes with more probability than most theories that 
have been advanced in solution of tbi.s ditlicult subject. 1’Jio 
loftiest mountains would be represented l)y a grain of sand on 
a globe six teet in diameter, and the depth of the oc(*an by a 
scratch on its snrliicc. Consequently the gradual elevation of a 
continent or chain of mountains above the surface? tlu; ocean^r 
their depression below it, is no V(‘ry gn*at event compared with 
the magnitude of the earth, and the energy of- its suhtcrrancan 
fires, if the same periods of time be admiiteil in the progress of 
geological as in astronomical j)lienomena, which the successive 
and various races of extinct beings sliuw to have been iiumcnso. 
Climate is always more intense in the interior of continents than 
in islands or sea-coasts. An incr(‘ase of la?id within the tropics 
would therefore augment the general heat, ami an increase in the 
tcm|)(frate and frigid zones w<iuld remler the cold more severe. 
Now it at^l’carsi that most of the Kurupoan, .North Asiatic, and 
North American continents and islamls were raised from the 
deep after the coal-measures were tbrmi'd in wljich the fossil 
tropical [)lants arc found ; and a variety of geological facts in- 
dicate the existence of an am;i<nt and extensive archipelago 
throughout the greater part of the laafljf-rn hemisphere. Sir 
Charles Lycll is therefore <jf opinion tliat tlie climate of these 
islands must have been sufliciently mild, ii» eonsccpicncc of the sur- 
rounding ccean, to clothe tlieiii with tropical ]j|ants, and render* 
them a fit abode for the huge animals whoso fossil naniiins are 
60 often found; that the arborescent I'tTiis and the jialma of 
these regions, carried by streams to the bottr»m of the ocean, were 
imbedded ^iii the strata which were by dcgrf:cs heaved up by 
the •subterranean fires during a long succession of ages, till the 
greater part of the northern hemisphere b<!camc dry land as it 
now is, and that the consci^uence has been a continual decrease 
of temperature. 

It is evident, from the marine shells found on the tops of the 

£ 2 



76 . 


AXIS OF ROTATION INVARIABLE. SEar.,X. 


highest monntains and in almost every part of the globe, that 
immense continents have been elevated above the ocean which 
must have engulfed others. Such a catastrophe would be occa- 
sioned by a variation in the position of the axis of rotation on 
the surface of the earth ; for the seas tending to a new equator 
would leave some portions of the globe and overwhelm others. 
Now, it is found by the laws of mechanics that in every body, 
be its form or density what it may, there are at least three axes 
at right angles to each other, round any one of whicli, if the 
solid begins to rotate, it will continue to revolve for ever, pro- 
vided it be not disturbed by a foreign cause, but that the rota- 
tion about any other axis tvill only be for an instant, and con- 
sequently the poles or extremities of the instantaneous axis of 
rotation would perpetually change their position on the surface 
of the body. In an ellipsoid of revolution the polar diameter and 
every diameter in the plane of the equator are the only permanent 
axes of rotation (N. 145). Hence, if the ellipsoid were to begin 
to revolve about any diameter between the pole and the equator, 
the motion would be so unstable that ihc axis of rotation and the 
I)OBition of the i)oles would change every instant. Therefore, as 
the earth does not differ much from this figure, if it did not turn 
round one of its princitml axes, the position of the poles would 
change daily ; the equator, which is 90° distant, .would undergo 
corresponding variations ; and the geographical latitudes of all 
places, being estimated from the equator, assumed to be fixed, 
would bo peri)etually changing. A displacement in the position 
of the poles of only two hundred miles would bo sufficient to 
produce these effects, and would immediately be detected. But, 
as the latitudes arc found to be invariable, it may be concluded 
that the terrestrial spheroid must have revolved about the same 
axis for ages. The earth and planets differ so little from ellip- 
soids of revolution, that in all probability any libration from one 
axis to another, produced by the primitive impulse which put 
them in motion, must have ceased soon after their creation from 
the friction of the fluids at their surface. 

Theory also proves that neither nutation, precession, nor any 
of the disturbing forces that affect the system, have the smallest 
influence on the axis of rotation, which maintains a permanent 
position on the surface, if the earth be not disturbed in its rota- 
tion by a foreign cause, as the collision of a comet, which might 
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Rave happened in the immensity of time. But, had that been 
the case, its effects would still have been perceptible in the varia* 
tions of the geographical latitudes. If we suppose that such an 
event had taken place, and that the disturbance had been very 
great, equilibrium could then only have been restored with regard 
to a new axis of rotation by the rushiqg of the seas to the new 
equator, which they must have continued to do till the surface 
was everywhere perpendicular to the direction of gravity. But 
it is probable that such an accumulation of the waters would not 
be sufficient to restore equilibrium if the derangement had been 
great, for the mean density of the sea is bnly about a fifth part 
of the mean density of the eartli, and the mean depth of the 
Pacific Ocean is supposed not to bo more than four or five miles, 
whereas the equatorial diameter of the earth exceeds the polar 
ijiameter by about 26*1 miles. Consequently the influence of the 
sea on the direction of gravity is very small. And, as it thus 
appears that a great change in the |K)sition of the axis is incom- 
patible with the law of equilibrium, the geological phenomena 
in question must be ascribed to an internal cause. Indeed it is 
now demonstrated that the stratiC containing marine diluvia, 
which are in lofty situations, must have been formed at the 
bottom of the ocean, and afterwards ujdicaved by the action of 
subterraneous fires, Besidts, it is dear, from the mensuration 
of the arcs of the meridian and the length of the seconds’ pen- 
dulum, as welPas from the lunar theory, that the internal strata 
and also the external outline of the globe are ellii)tic{il, their 
centres being coincident and their axes identical with that of the 
surface— a state of things which, according to the distinguished 
author lately quoted, is incomi)atihle witli a subsequent accom- 
modation of the surface to a new and different state of rotation 
from that which determined the otiginal distribution of tlie com- 
ponent matter. Thus, amidst the mighty revolutions which 
have swept innumerable races of organized beings from the earth, 
which have elevated plains and buried mountains in the ojcean, 
the rotatioh of the earth and the ix)8ition of the axes on fts sur- 
face have undergone but slight variations. 

The strata of the terrestrial spheroid arc not only concentric 
and elliptical, but the lunar inequalities show that they increase 
in density from the surface of the earth to its centre. This 
would certainly have happened if the earth had originally been 
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fluid, for tlie denser parts must have subsided towards the cSutlie 
as it approached a state of equilibrium. But the enormous 
pressure of the superincumbent mass is a suf&cieht caujse for the 
phenomenon. Professor Leslie observes that air compressed into 
the fiftieth part of its volume has its elasticity fifty times aug- 
mented. If it continues to contract at that rate, it would, from 
its own incumbent weight, acquire the density of ^ater at the 
depth of thirty-four milep. But water itself wpul'd have its 
density doubled at the depth of ninety-three miles, and would 
even attain the density of quicksilver at a depth of 362 miles. 
Descending therefor^ towards the centre through nearly^ 4000 
miles, the condensation of ordinary substances would surpass 
the utmost powers of conception. Dr. Young says that steel 
would be compressed into one-fou,|i^^lL and stone into one-eighth 
of its bulk at the earth’s centre. However, we are yet ignorant 
of the laws of compression of solid bodies beyond a certain limif ; 
from the experiments of Mr. Perkins they appear to be capable 
of a greater degree of compression than has generally been 
imagined. 

But a density so extreme is not borne out by astronomical 
observation. It might seem to follow therefore that our planet 
must have a widely cavernous structure, and that we tread on a 
crust or shell whose thickness bears a very small p];pportion to 
the .diameter of its sphere. Possibly, too, this great condensa- 
tion at the central regions may be counterbalanced by the in- 
creased elasticity due to a very elevated temperature. 
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SECTION XI. 

♦ 

FVeceBsion and Nutation — Their EHects on thfe Apparent Places of the 
Fixed Stardt 

It has been shown that the axis of rotation is invariable on the 
surface of the earth ; and observation as well as theory prove 
that, were it not for the action of the sun and moon on the matter 
at the equator, it would remain exactly parallel to itself in every 
point of its orbit. 

The attraction of an external body not only draws a spheroid 
towards it, but, as the force varies inversely as the square of tire 
distance, it gives it a motion about its centre of gravity, unless 
when the attracting body is situafed in the proloilgation of one 
of the axes of l]ie spheroid. The piano of the equator is in^ 
dined to the plane of the ecliptic at an angle of 23® 27' 2b" *29 ; 
and the inclination of the lunar orbit to the same is 5® 8' 47" *9. 
Conseciucntly, from the oblate figure of the earth, the sun and 
moon, acting obliquely and unequally on the diflerent parts of the 
terrestrial spherojd, urge the pkine of the equator from its direc- 
tion, and force it to move from east to west, so that the equi- 
noctial points have a slow retrograde motion on the plane of the 
ecliptic of 50"*41 anrihally. Thl* direct tendency of this action 
is to make the planes of the equator and ecliptic coincide, but it 
is balanced by the tendency of the eartli to return to stable rota- 
tion about the polar diameter, which is one of its principal axes 
of rotation. Therefore the inclination of the two planes remains 
constant^ as a top spinning preserves the same inclination to the 
plane of the horizon. Were the earth spherical, this efiect would 
not be produced, and the equinoxes would always correspond 
with tl^ eame points of the ecliptic, at least as far as this kind 
of motion is concerned. But another and totally diflerent cause 
whicli opemtes on this motion has already been mentioned. The 
action oi the planets on one another and on the sun occasions a 
very slo^ ^rii^on in the position of the plane of the ecliptic, 
whicli afiecU its inclination to the plane of tjic equator, and gives 
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the^tdnoclid points a dow but direot motloti on«the ecliptic of 
0"*dl annually, which is entirely independent of the figure of 
the earth, ^d wouM be the same if 4t were a sph^ Thus the 
sun and moon by moving the plane of the equator cause the 
equinoctial points to retrograde on the ecliptic : and the plaUets 
by moving the plane of the ecliptic give them a direct motibn, 
though much less than the former. Consequently the difiefence 
of, the two is the mean ^^recession, which is proved both by 
theory and observation to be about 50*'*! annually (N. 146). 

As the longitudes of all the fixed stars are increased by this 
quantity, the effects of precession are soon detected. It was 
accordingly discovered by Hipparchus in the year 128 before 
Christ) from a comparison of his own observations with those of 
Timcx^ris 155 years before. In the time of Hipparchus the 
entrance of the sun into the constellation Aries was the beginning 
of spring; but since that time the equinoctial points have r^ 
ced^ 30^, so that the constellations called the signs of the zodiac 
are now at a considerable distance from those divisions of the 
ecliptic which bear.their mames. Moving at the rate of 5(y'*l 
annually, the equinoctial points will accomplish a revolution in 
25,868 years. But, as the precession varies indifferent centun^, 
the extent of this period will be slightly modified. Since the 
motion of the sun is direct, and that of the equinoctial points 
retrograde, he takes a shorter time to return to the equator than 
to arrive at the same stars ; so that the tropical year of 365^ 5^ 
48" 49^7 must be increased by the time he takes to xpove 
through an arc of 50"*1, in order to have^the length of the ^dc- 
real year. The time required is 2(r 19^*6, so that the sidereal 
year contains 365<* 6^ 9'”- 9^*6 mean solar days. 

The mean annual precession Is subject to a secular variation ; 
for, although the change in the plane of ^e ecliptic in which the 
orMt of the sun lies be independent of the form of the earth, yet* 
bringing the sun, moon, and earth into different relative pom* 
tions from age to age, it alters the direct action of the two first 
m the prominent matter at the equator: cm this accdunt the 
motion of the equinox is greater by '*455 now than it was in 
the time of Hipparchus. Consequently the actual length' of the 
iropical year is about 4”*21 shorter than it was at that 
The utm<»t change that it can experience firom this cause amounts 
to 43 seconds. 
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8 i^ is ih 0 jNcular mdtioti of the equinoxes. But it is spme- 
:timef ^cre^sed and sometimes diminished by p^odic ysiiationsi 
yfbpss ^periods depend upoq the relative positions of the son and 
XQobn : regaid to the earth, and which are occasioned by the 

jlir^ ^tion of these bodies on the equator. Dr, Bradley dis* 
bpyeiied that by this action the moon causes the pole of the 
^^for to describe a small ellipse in the heavens, the. axes of 
which are 18"*5 and 13"*674, the longer being direct towards 
the pok of the ecliptic. The period of this inequality is Sibout 
19 years, the time employed by the nodes of the lunar orbit to 
accomplish a revolution. The sun causes a small variation, in the 
description of this ellipsd ; it runs through its period in half a 
year. Since the whole earth obeys these motions, they affect 
the position of its axis of rotation with regard to the starry 
heavens, though not with regard to the su^ace of the.earth ; for 
in oons^uence of precession alcme the pole of the equator moves 
in a circle round the pole of the ecliptic in 25,868 years, and by 
nutation alone it describes a small ellipse in the heavens every 
19 years, on each side of which it deviates every half-ym from 
the' action of the sun. The real curve traced in the starry 
heavens by the imaginary prolongation of the earth’s axis is 
Compounded of these three motions (N. 147). This nutation in 
ihe earth’s axis affects both the precession and obliquity with 
small periodic variations. But in consequence of the secular 
variation in the position of the terrestrial orbit, whi^ is chiefly 
owing to the ^disturbing energy of Jupiter on the earth, the 
obliquity of the ecliptic is annually diminished, according to M. 
Bessel, by 0''*457. This variation in the course of ages may 
amount to 10 or 11 degree^yp)ut the obliquity of the ecliptic to 
the equator can never vary more than 2^ 42' or 3P, dnce the 
^flatoT will follow ii^PG measure the motion of the ecliptic. ^ 

It Js evident that rae places of all the celestial bo^es ate 
by precession and nutation. Their longitudes estimated 
from the equinox are augmented by precession ; but, as it affects 
$Il the bodies equally, it makes no change in their relative posi- 
Idons. Both the celestial latitudes and longitudes are altered to 
A small degree by nutation; hence all observations. must he 
these inequalitiM, In consequence of this ^ 
Sciflon in the earth’s axis, the pole-star, forining pari of the cch- 
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st^lation of the Little Bear, whidh ^ formerly 12P from the 
oeleatial pole, is now within 24' of it, and will continue to 
approach it till it is within aftef which it will retreat from 

the pole for ages ; and 12,934 years hence the star a Lyras will 
come within 5^ of the celestial pole, and become the polar star 
of the northern hemisphere. 
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Menn and Apparent Sidereal Time — Mean and Apparent Solar Time — 
Equation of jj'ime — English and French Subdivisions of Time — Leap 
Year — Christian Era — Equinoctial Time — Remarkable Eras de- 
pending upon the Position of the Solar Peiigee — Inequality of the 
Lengths of the Seasons in'the two Hemispheres — Application of Astro- 
nomy to Chronology — English and French Standards o£ Weights^Ond 
Measures. * 


Astbokomt has been of immediate*and essential use in affording 
invariable standards for measuring duration, distance, magnitude, 
and velocity. The mean sidereal day measured by the time 
elapsed between two consecutive transits of any star at the same 
meridian (N, 148), and the mean sidereal year which is the time 
included between two consecutive returns of the sun to tISe same 
star, are immutable units with which all great periods ot time 
ore compared; the oscillations of the isochronous pendulum 
mei»ure its smaller portions. By these invariable standards 
alone we can judge pf the slow changes that other elements of 
the system may have undergone. Apparent sidet^al time, which 
is measured by the transit of the equinoctial point at the meri- 
dian of any place, is a variable quantity, from the effects of pre- 
cession and nutation. Clocks showing apparent sidereal time are 
employed for observation, and are so regulated that they indicate 
0 ^ tliQ instant the equinoctial point passes the meridian 

of the observatory. And as time is a measure of angular motion, 
the clock gives the distances of the heavenly bodies from the 
equinox by observing the instant at which eadi passes the men-* 
dian, and convenbing the interval into arcs at the rate of 15^ to 
ah hour. 

The returns of the sun to the meridian and to the same equinox 
or solstice have beep juniversally adopted as the measure of our 
civil days and years^ The solar or astronomical day is the time 
that elapses between two consecutive noons or midnights. It is 
^nsequently longer than the sidereal day, on account of the 
proper motion of the sun during a revolution of the/ celestial 
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sphere. But^ as jbhe^un moves with greater rapidity at the 
winter than at the summer solstice, the astronomical day is more 
nearly equal to the sidereal day in stppmer than in winter^ The 
oUiquity of the ecliptic also affects its duration ; for near the 
equinoxes the arc of the equator is less than the corresponding 
arc of the ecliptic, and in the solstices it is greater (N. 149). ' 
The astronomical day is therefore diminished in the first case, 
and increased in the second. If the sun moved uniformly in 
the equator at the rate of 59' 8"*33 every day, the solar days 
would be all equal. The time therefore which is reckoned by 
the arrival of an imaginary sun at the meridian, or of one which 
is Supposed « to move uniformly in the equator, is denomi- 
nated mean solar time, and is given by clocks and watches in 
common life. When it is reckoned by the arrival of the real 
sun at the meridian, it is true or apparent time, and is giv^ 
by dials. The difference between the time shown by a clock and 
a dial is the equation of time given in the Nautical Almanac, 
sometimes amounting to as much as sixteen minutes. The 
appareift and mean time coincide four times in the year ; when 
the sun’s daily motion fn right ascension is equal to 59' 8"’33 in 
a mean solar day, which happens about the 16th of April, the 
16th of June, the 1st of September, and the 26th of December, 
The astronomical day begins at noon, but in common reckon- 
ing the day begins at midnight. In England it is divided into 
twenty-four hours, which are counted by twelve and twelve ; 
but in France astronomers, adopting the decimal division, divide 
the day into ten hours, the hour into one huiftred minutes, and 
the minute into a hundred seconds, because of the facility in 
computation, and in conformity with their decimal system of 
weights and measures. This subdivision is not now used in 
common life, nor has it been adopted in any other country; and 
^although some scientific writers in France still employ that 
division of time, the custom is beginning to wpar out. At one 
period during the French Revolution, t^ clock in the gardens 
of the Tuileries was regulated to show decimal time. The mean 
length of the day, though accurately determined, is not sufiicient 
for the purposes either of astronomy or civil life. The tropical 
or civil year of 365^ 6*» 48® 49^*7, which is the time elapsed 
between the consecutive returns of the sun to the mean equinoxes 
or solstices, including all the changes of the seasons, is a natural 
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cycle peculiarly suited for a measure of duration. It is estimated 
from the winter solstice, the middle of the long annual night 
under the north pole. But althou^ the length of the civil year 
is pointed out by nature as a measure of long periods, the incom- 
mensurability that exists between the length of the day and the 
revolution of the sun renders it difficult to adjust the estimation 
of both in whole numbers. If the revolution of the sun were 
accomplished in 365 days, aH the years would be of precisely 
the same number of days, and would begin and end with the 
sun at the same i^ointof the ecliptic. But as the sun’s revolution 
includes the fraction of a day, a civil year and. a revolution of 
the sun have not the same duration. Since the fraction is nearly 
the fourth of a day, in four years it is nearly equal to a revolution 
of the sun, so that the addition of a supernumerary day every 
fourth year nearly compensates the difference. But in process 
of time further correction will be necessary, because the fraction 
is less than the fourth of a day. In fact, if a bissextile be sup- 
pressed at the end of three out of four centuries, the year so 
determined will only exceed the true year by an extremely small 
fraction of a day ; and if in addition to this a bissextile be sup- 
pressed every 4000 years, the length of the year will be nearly 
equal to that given by observation. Were the fraction neglected, 
the beginning of the year would precede that of the tropical year, 
so that it would retrograde through the different seasons in- a 
period of about 1507 years. The Egyptian year began with the 
heliacal rising of Sirius (N. 150), and contained only 365 days, by 
which they lost one year in every 1461 years, their Sothaic period, 
or that cycle in which the heliacal rising of Sirius passes through 
the whole year and takes place again on the same day. The 
division of the year into months is very old and almost universal. 
But the period of seven days, by far the most permanent divi- 
sion of time, and the most ancient monument of astronomical 
knowledge, was used by the Brahmins in -India with the same 
denominations employed by us, ’and was alike found in the 
calendars of the Jews, Egyptians, Arabs, and. Assyrians. It has 
survived the fall of empires, and hm existed among all successive 
generations, a proof of their common origin. 

The day of the new moon immediately following the winter 
solstice in the 707th year of Borne was made the 1st of January 
of the first year of Julius CsBsar. The 25th of December of his 
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forty->fifth year is considered as the date of Christ’s nativity ; 
and the forty-sixth year of the Julian Calendar is assumed to be 
the first of our era. The preceding year is called the first year 
before Christ by chronologists, but by astronomers it is called 
the year 0. The astronomical year begins on the 3 1st of De^ 
cember at noon ; and the date of an observation expresses the 
days and hours which have actually elapsed since that titne. 

Since solar and sidereal time are estimated from the passage of 
the sun and the equinoctial point across the meridian of each 
place, the hours are different at different places : while it is one 
o’clock at one plack^, it is two at another, three at another, &c , ; 
for it is obvious that it is noon at one part of the globe at the 
same moment that it is midnight at another diametrically oppo- 
site to it : consequently an event which happens at one and the 
same instant of absolute time is recorded at different places as 
having happened at different times. Therefore, when observa*^ 
tions made at different ])laces are to be com})arcd, they must be 
reduced by computation to what they would have been had they 
been made under the same meridian. To obviate this it WBi^ 
pro{x)scd by Sir John Herschel to employ mean equinoctial tiiml;' 
which is the same for all the world, and independent 
local circumstances and inequalities in the sun’s motion* 
the time elapsed from the instant the mean sun enters thtf*thea!n 
vernal equinox, and is reckoned in mean solar days and parts ot 
a day. 

Some remarkable astronomical eras are determined by the 
position of the major axis of the solar ellipse, which depends 
upon the direct motion of the iierigee (N. 102) and the preces^ 
sion of the equinoxes conjointly, the annual motion 
being ir'*8, and that of the other *50'’*!. Her^^tha axis, 
moving at the rate of 61"'9 annually, accomplishes a tropical 
revolution in 209*84 years. It coincided with the line of the 
equinoxes 4000 or 4C89 years before the Christian era, much 
a^ut the time chronologists assign for the creation of man. In 
6483 the major axis will again coincide with the line of the 
equinaxes ; but then the aslar <perigee will coincide with the 
equinox of autumn, whereas at Uic creation of man it coincided 
with the vernal equinox. In the year 1246 the major axis was 
perpendicular to the line of the equinoxes ; then the solar perigee 
coincided with the solstice of summer, and the apogee with the 
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solstice of winter. According to La Place, wh^ computed these 
periods from different data, the last coincidence happened in the 
year liJ50 of our era, whicli^ induced him to propose that year as 
a universal epoch, the vernal equinox of the year 1250 to be the 
first day of the first year. These eras can only be regarded as 
approximate, since ancient observations are too inaccurate, and 
modem observations too recent, to afford data for their precise 
determination. 

Tlie variation in the position of the solar ellipse occasions 
corresponding changes in the length of the seasons. In its 
present position spring is shorter than summer, and autumn 
longer than winter ; and while the solar perigee continues as it 
now is, between the solstice of winter and the equinox of spring, 
the period including spring and summer will be longer than that 
including autufim and winter In tliis century the difference is 
between seven and eight days. Tlie intervals will be equal 
towards the year 6483, when the perigee will coincide with the 
equinox of spring ; huj:, when it passes Ihatpuiint, the sjjring and 
summer tahen together will he shorter than the period including 
the autumn and winter (N. 111). These changes will be accom- 
plished in a tropical revel uhon of the major axis of the earth’s 
orbit, which mcludes an interval of 20,884 years. Were the 
orbit circular, the seasons would he equal ; their difference arises 
trom the excentricity of the orbit, small as it is ; but the changes 
are so trilling as to be imperceptible in the short span of liuman 
life. 

Ko circumstance in the whole science of astronomy excites a 
deeper interest than its ajqdicatiou to chronology. “Whole 
nations,” says La Place, “ have been swept from the earth, with 
their languages, arts, and sciences, leaving but confused masses 
of ruins to mark the place where mighty cities stood ; their his- 
tory, with the exception of a few doubtful traditions, has perished ; 
hut the I'erfectioii of .their astronomical observations marks their 
high antiquity, fixes the priods of their existence, and proves 
that, even at that early time, they fhust have made considerable 
progress in science.” The ancient state of the heavens may now 
be computed with great accuracy ; and, by comparing the results 
of calculation with ancient observations, the exact period at 
which they wore made may be verified if true, or, if false, their 
error may be detected. If the date be accurate and the bbeerva* 
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tion good, it wiU verify the accuracy of modem tables, and will 
show to how many centuries they may be extended without the 
fear of error. A few examples will^i^ow the importance «of the 
subject. 

At the solstices the sun is at his greatest distance from the 
equator ; consequently his declination at these times is equal to 
the obliquity of the ecliptic (N. 162), which was formerly deter- 
mined from the meridian length of the shadow of the stile of a 
dial on the day of a solstice. The lengths of the meridian shadow 
at the summer and winter solstices are recorded to have been 
observed at the city of Layang, in China, 1100 years before the 
Christian era. From these the distances of the sun from the 
zenith (N. 153) of the city of Layang are known. Half the sum 
of these zenith distances determines the latitu4e, and half their 
differeyce gives the obliquity of the ecliptic at the period of the 
observation ; ahd, as the law of the variation of the obliquity is 
known, both the time and place of the observations have been 
verified by comput|itions from modem tables. Thus the Chinese 
had made some advances in the science of astronomy at that 
early period. Their whole chronology is founded on the observa- 
tions of eclipses, which prove the existence of that empire £|r 
more than 4700 years. The epoch of the lunar tables of ^ 
Indians, supposed- by Bailly to l)e 3000 years before the Chris- 
tian era, was proved by La Place, from the acceleration of the 
moon, not. to be more ancient than the time of Ptolemy, who 
lived in the second century after it. The great inequ^lty. of 
Jupiter and Saturn, whose cycle embraces 918 years, is p4Wliarly 
fitted for marking the civilization of a people. The Indians hid 
determined the mean motions of these two planets in that part of 
their periods when the apparent mean motion of Saturn was at 
the slowest, and that of Jupiter the most rapid. The periods in 
which that happened were 3102 years before the Christian era, 
und the year 1491 after it. The returns of comets to their 
perihelia may possibly mark the present state of astronomy to 
future ages. 

The places of the fixed stars are affected by the precession of 
the equinoxes ; and, as the law of that variation is known, their 
positions at any time may be computed. Now Eudoxus, a con- 
temporary of Plato, mentions a star situate in the pole of the 
equator, and it appears from computation that s Braconis was 
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not very far from that place about 3000 years ago ; but, as it is 
only about 2150 years since Eudoxus lived, he must have 
described an anterior sinte of the heavens, supposed to be the 
same that was mentioned by Chiron about the time of the"^ siege 
of Troy. Thus every circumstance concurs in showing that 
sustronbmy was cultivated in the highest ages of antiquity. 

It is possible that a knowledge of astronomy may lead to the 
interpretation of hieroglyphical characters. Astronomical signs 
are often found on the ancient Egyptian monuxnents, probably 
employed by the priests to record dates. The author had 
occasion to witness an instance of this most interesting applica- 
tion of astronomy, in ascertaining the date of a papyrus, sent 
from Egypt by Mr. Salt, in the hieroglyphical researches of the 
late Dr. llioraas Young, whose profound and varied acquirements 
do honour to his country, and to the age in which he lived. The 
manuscript was found in a mummy case ; it proved to be a 
horoscope of the age of Ptolemy, and its date was determined 
from the configuration of the heavens at the time of its con- 

l^^e form of the earth furnishes a standard of weights and 
measures for the ordinary purposes of life,, as well as for the 
determination of the masses and distances of the heavenly bodies. 
The length of the pendulum vibrating seconds of mean solar 
time, in the latitude of London, forms the standard of the 
British measure of extension. Its approximate length oscillating 
■ in vacuo at the temperature of 62^ of Fahrenheit, and reduced to 
the Iqvel of the sea (N. 154), was determined by Captain Eater 
to be 39*1393 inches. The weight of a cubic inch of water at 
the temperature of 62^ of Fahrenheit, barometer 30 inches, was 
also determined in parts of the imperial troy pound, whence a 
standard both of weight and- capacity was deduced. The French 
have adopted the mbtre, equal to 3*2808992 English feet, for their 
unit of linear measure, which is the ten-millionth part of the 
arc of the meridian wliich extends from the equator to the pole, 
as deduced frsm the measures of the separate araextending from 
Formentera, the most southern of the Balearic Islands, to Dun- 
kirk. Should the national standards of the two countries ever 
be lost, both may be recovered, since they are derived from 
natural and invariable ones. The length of the measure deduced 
from that of the pendulum would be found again with more 
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facility than the metre. But, as no measure is mathematically 
exact, an’ error in the omginal standard may at length become 
sensible in measuring a great extent, whereas the error that 
must necessarily arise in measuring the quadrant of the meridian 
(N. 155) is rendered totally insensible by subdivision in taking its 
ten-millionth part. The French have adopted the decimal divi- 
sion, not only in time, but also in their degrees, weights, and 
measures, on account of the very great facility it aifords in com- 
putation. It has not been adopted by any other country, though 
nothing is more desirable than that all nations should concur 
in using the same standards, fiot only on account of convenience, 
but as afibrding a moi^B definite idea of quantity. It is singular 
that the decimal division of the day, of space, weights, and 
measures, was employed in China 4000 years ago ; and that at 
the time Ibn Junis made his observations at Cairo, about the 
year 1000 of the Christian era, the Arabs were in. the habit of 
employing the vibrations of the pendulum in their astronomical 
■observations as a measure of time. 
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SECTION XIII. 

Tides — Forces that produce them — Origin and Course of Tidal Wave — 
' Its Speed — Three kinds of Oscillations in the Ocean — Tlie Semidiurnal 
Tides — Eqi||noc.tial Tides — Eficcts of the Declination of the Sun and 
Moon — Theory insufficient without ©bser\'ation — Direction of the 
Tidal Wave — Height of Tides — Mass of Moon obtained from her 
Action on the Ti les — Interference of Undulations — Impossibility of a 
. Universal Inundation — Currents. 

One of tho mo.st immediate and remarkahle effects of a gravi- 
tating force external to the earth is the alternate rise and fail 
of the siirlacc of the sea twice in the course of a lunar day, or 
24h 50™ 28 * of mean solar time. As it depends upon the action 
of the sun and moon, it is classed among astronomical problems, 
of which it is by far the most difficult and its explanation the 
least satisfactory. The form of the surface of the ocean in equi- 
librio, when revolving with the earth round its axis, is an ellipsoid 
flattened at tho poles ;.but the action of the sun and moon, espe- 
cially of the moon, disturbs the equilibrium of the ocean. If 
the moon attracted the centre of gravity of the earth and all its 
particles with equal and iiarallel forces, the whole system of the 
earth and the waters that cover it would yield to these forces 
with a common motion, and the equilibrium of the seas would 
remain undisturbed. The difference of the forces and the ine- 
quality of tlieir directions alone disturb the equilibrium. 

The particles of water under the moon are more attracted than 
the centre of gravity of the earth, in the inverse ratio of the 
square of the distance. Hence they have a tendency to leave 
the earth, but are retained by thei/ gravitation, which is dimi- 
nished by this tendency. On the contrary, the moon attracts 
the centre of the earth more powerfully than she attracts the 
particliia of water in the hemisphere opposite to her ; so that the 
earth has a tendency to leave the waters, but is retained by 
gravitation, which is again diminished by this tendency. Thtte 
the waters immediately under ’the moon are drawn from the 
earth, at the same time that the earth is drawn from those 
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which are diametrically opposite to her, in both instances pro- 
ducing an elevation of the ocean of nearly the same height abbve 
the surface of equilibrium ; for the diminution of the {p’avitatioim 
of the particles in each position is almost the sam^ ' k account 
of the distance of the moon being great in comparison of the* 
radius of the earth. Were the earth entirely covered by the sea, 
the waters thus attracted by the modn would assume the form of 
an oblong spheroid whose greatei^ axis would point towards the 
moon ; since the columns of water under the m^n, and in^the 
direction diametrically opposite to her, are rendered lifter in 
consequence o( the diminution of their gravitation; and, in 
order to preserve the equilibrium, the axes 90^ distant would be 
shortened. The elevation, on account of the smaller space to 
which it is confined, is twice as great as the depression, l^cause 
the contents of the spheroid always remain the same. If the 
waters were capable of assuming the form of equilibrium instan- 
taneously, that is, the form of the spheroid, its summit would 
always point to the .moon notwithstanding the earth’s rotation. 
But, on account of their resistance, the rapid motion produtSll 
in them by rotation prevents them from assuming at eT^|| 
instant the form which the equilibrium of the forces acting upra 
them requires. Hence, on account of the inertia of the waters, 
if the tides be considered relatively to the whole earth and open 
seas, there is a meridian about 30^ eastward of the moon, where 
it is always high water both in the hemisphere where the moon 
is and in that which is opposite. On the west side of this circle 
the tide is flowing, on the east it is ebbing, and on every part of 
the meridian at 9(P distant it is low water. This great wave, 
which follows all the motions of the moon as fhr as the rotatfbn 
of the earth will permit, is modified by the action of the. sun, the 
effects of whose attraction are in every respect like those pro- 
duced by the moon, though greatly less in degree. Consequently 
a similar wave, but much smaller, raised by tho sun, tends to 
follow his motions, which at times combines with the lunar 
wave, and at others opposes it, according to the relative positions 
of the two luminaries ; but as the lunar wave is only mq^ified a 
little by the solar, the tides must necessarily happen twice in a 
day, since the rotation of the earth brings the same point twice 
under the meridian of the moon in that time, once under the 
superior and once under the inferior meridian. 
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The periodic motions of the waters of the ocean, the hypo- 
thesis of an ellipsoid of revolution, entirely covered by the sea, 
are, however, very far from according with observation. This 
arises from the great irregularities in the surface of the earth, 
which is but partially covered by the sea, from the variety in 
the depths of the ocean, thetmanner in which it is spread out on 
the earth, the position and inclination of the shores, the cunents, 
and the resistance which the waters meet with : causes impos- 
sible to estimate generally, but which modify the oscillations of 
the great mass of the ocean. However, amidst all these irregu- 
larities, the ebb and flow of the sea maintain a ratio to the forces 
producing them sufficient to indicate their nature, and to verify 
the law of the attraction of the sun and moon on the sea. La 
Place observes, that the investigation of such relations between 
cause and effect is no less useful in natural philosophy than the 
direct solution of problems, either to prove the existence of the 
causes or to trace the laws of their effects. Like the theory of 
probabilities, it is a happy supplement to the ignorance and 
weakness of the human mind. 

Since the disturbing action of the sun and moon can only 
become sensible in a very great extent of deep water, 'th#^Ant- 
arctic Ocean is the origin and birthplace of our tides. < J^|^es- 
sion of tidal waves from that source follow one an6^i||^^ in a 
north-westerly direction down the Pacific and Atlantic 
modified as they proceed by the depth of the water andi^be 
form of the coasts. For when the sun and moon are in the san^ 
meridian, and pass over the mass of waters lying east from Van 
Diemen’s Land, Ne^ Zealand, and the South Pole, the resulting 
force of their combined attraction, penetrating to the abyss of the 
deep and boundless circuit of the Southern Ocean, raises a vast 
wave or ridge of water, which tends to follow the luminaries to 
the north and west, and continues to flow in that direction long 
after the bodies cease to act updn it ; but it is so retarded by the 
rotation of the earth and by the inertia of the water, that it does 
not amve at the different parts of the coasts till after the 
moon’F southing (N. 156). When this tidal wave leaves the 
Antarctic Ocean and enters the Pacific, it rushes along the 
western coast of America to its farthest end, but it is so mudi 
obstructed by the number of islands in the middle of that ocean 
that it is hardly perceptible among them ; while on the east it 
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enters tbe Indian Ocean, strikes with violence on the coasts of 
Hindostan and the shores at the mouths of the Ganges, and 
causes the terrific bore in the Hoogly. The part of this tidal 
wave that enters the Atlantic passes impetuously along the 
coasts of Africa and America, arriving later and later at each 
place. It is modified, however, by ^ tide raised in the Atlantic, 
whioh.is deep and free from islands ; and this combined tid.al 
wave, still coming northward, pours its surge into the 
Fundy to the height of fifty feet ; then being deflected 1)^ SSe 
coast of America at right angles, it rushes eastward, bringing 
high water to the western coasts of Ireland and England. It 
then goes round Scotland, brings high water to Aberdeen and 
the opposite coasts of Norway and Denmark, and; continuing its 
course to the south, arrives at the mouth of the Thames and 
fills the channels of that river on the morning of the third day 
after leaving the Antarctic Ocean. 

Thus the tides in our ports are owing to an impulse frb®;^ 
waters of the Antarctic seas raised by the action of the sun and 
moon. No doubt a similar action raised that tide in the North 
Polar Ocean which Dr. Kane saw rolling on the northern coast 
of Greenland in 82° N. latitude, but which, in the present state 
of the globe, is imprisoned by Cars of ice and icc-boiind land#^‘'- 

The tidal wave extends to the bottom of the ocean, and moves 
uniforinly and with great speed in very deep water, variably and 
slow in shallow water ; the time of propagation depends upon 
the depth of the sea, as well as on the nature and form of the 
coasts. It varies inversely as the square of the depth — ^a law 
which theoretically affords the means of asoertaining the propor- 
tionate depth of the sea in different parts. It is one of the great 
constants of nature, and is to fluids what the pendulum is to 
solids— a connecting link between time and force. 

For example; the tidal wave moves across the Southern 
Ocean with the velocity of 1000 miles an hour, and in the 
Atlantic it is scarcely less on account of the deiep trough which 
runs through the centre of that ocean ; but the sea is sO||^allow 
on the British coast that it takes more time to come from Aber- 
deen to London than to travel over an arc of 120^, between 60° 
S. lat. and 60° N. lat. 

In deep water the tidal wave is merely a rise and fall of the 
surface ; the water does not advance, though the wave does. In- 
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deed, if so heavy a body as water were to move at the rate of 
\1000 miles an hour, it would cause universal destruction, since 
^ in the most violent hurricanes the velocity of the wind is little 
more than 100 milea an hour. Besides, it is evident that no 
ship could either sail or steam against it. When the water is 
shallow, however, there is a motion of trahslation in the water 
along with the' tide. 

In the deep ocean the undulating motion consists of two dis- 
tinct things — an advancing form and a molecular movement. 
The motion of each particle of water is in an ellipse lying wholly 
in the vertical idane; so that, after the momentary displace- 
ment during the passage of the wave, they return to their places 
again. The resistance of the scabbed is insensible in deep water ; 
Ip^'when the tidal wave, which extends to the very bottom of 
the ocean, comes into shallow ^ater with diminished velocity, the 
particles of water moving in vertical ellipses strike the bottom, 
and by reaction the wave rises higher ; and that being continually 
repeated, as the form moves on the wave rises higher and higher, 
bends more and moie forward, till at last it loses its equilibrium, 
and then both form and water roll to the shore, and the elliptical 
trajectories of the jiarticles, which in deep water were vertical, 
incline more and more, till at length they become horizontal. 
The distance from the shore at which the water begins to be 
translated depends upon the depth, the nature of the coast, and 
the form of the shore. Mr. ?oott 'Russell has demonstrated that 
in shallow water the velocity of the wave is equal to that which 
a heavy body falling freely by its gravity would acquire in 
descending through half the depth of the fluid. 

It is proved by daily experience, as well as by strict mathe- 
matical reasoning, that, if a number of waves or oscillations be 
excited in a fluid by different forces, each pursues its course and 
has its effect inde|iendently of the rest. Now, in the tides there 
arc three kinds of oscillations, depending on different causes, and 
producing their effects independently of each other, which may 
theiefore be estimated separately. The oscillations of the first 
kind, which are very small, are independent of the rotation' of 
the earth, and, as they depend upon ihe motion of the disturbing 
body in its orbit, they are of long^ periods. The second kind of 
oscillations depend upon the rotation of the earth, therefore their 
period is nearly a day. The oscillations of the third kind vary 
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wiiih an angle equal to twice the angular rotation of the earth, 
and consequently happen twice in J;wenty-four hours (N. 157). 
The first afford no particular interest, and are extremely small ; 
but the difference of two consecutive tides depends upon the 
second. At the time of the solstices this difference, which ought 
to be very great according to Newton’s theory, is hardly sensible 
on our shores. La Place has shown that the discrepancy arises 
from the depth of the sea, and that if the depth were uniform 
there would be no difference in the consecutive tides but that 
which is occasioned by local circumstances. It follows, there- 
fore, that, as this difference is extremely small, the sea, considered 
in a large extent, must be nearly of uniform depth, that is to 
say, there is a certain mean depth from which the deviation is« 
not great. The mean depth of the Pacific Ocean is supposed to 
be about four or five miles, that of the Atlantic only three or 
four, which, however, is mere conjecture. Possibly the great 
extent and uniformly small depth of the Atlantic over the tele- 
graphic platform may prevent the difference of the oscillations 
in question from being perceptible on our shores. From the 
formulas which determine the difference of these consedliMib 
tides it is proved that the precession of the equinoxes and^the 
nutation of the earth’s axis arc the same as if the sea foo^ dhe 
solid mass with the earth. ' 

The oscillations of the third kind are the semi-diurnal tides 
so remarkable on our coasts. In these there are two phenomena 
particularly to be distinguished, one occurring twice in a month, 
the other twice in a year. 

The first phenomenon is, that the tides are much increased in 
the syzigies (N. 158), or at the time of new and full moon : in 
both cases the sun and moon are in the same meridian ; for when 
the moon is new they are in conjunction, and when she is full 
they are in opposition. In each of these positions their action is 
combined to produce the highest or spring tides under that meri- 
dian, and the lowest in those points that are 90^ distant. It is 
observed that the higher the sea rises in full tide, the lower it is 
in the ebb. The neap tides take place when the moon is in 
quadrature. They neither rise so high nor sink so low as the 
spring tides. It is evident that the spring tides must happen 
twice in a month, since in that time the moon is once new and 
once full. Theory proves that each partial tide increases as the 



97 


X1|I, INFLUSNCB OP'StJN Aim MOON. 

oube of the parallex or apparent diameter of th& body producing 
it, for the greater the apparent diameter the nearer the body 
and the more intense its action upon the sea^ hence the spring 
tides are much increased when the moon is in perigee, for then 
she is nearest to the earthi 

The second phenomenon in the tides is the augmentation 
occurring at the time of the equinoxes, wh^ the sun’s declina- 
tion is zero (N. 169), which happens twice in every year» The 
spring tides which take place at that time are often much in- 
creased by the equinoctial gales, and, on the hypothesis of the 
whole earth covered by the ocean, would be the greatest possible 
if the line of the moon’s nodes coincided with that of her perigee, 
for then the whole action of the luminaries would be in the piano 
of the equator. But since the Antarctic Ocean is the^ source of 
the tides, it is evident that the spring tide must hie greatest 
when *the moon is in perigee, and when both luminaries have 
their highest southern declination, for then they act most directly 
great circuit of the south polar seas. 

moon are continually making the circuit of the 
heavens at different distances from the plane of the equator, on 
account of the obliquity of the ecliptic and the inclination of the 
lunar orbit. The moon takes about 29i days to vary through all 
her declinations, which sometimes extend 28t®on each side of 
the equator, while the sim requires nearly 3H5i days to accom- 
plish his motions through 23^^ on each side pf the same plane, 
so that their combined action causes great variations in the tides. 
Both the height and time of high water are perpetually changing, 
imd, although the problem does not admit of a general solution, 
it is necessary to analyse the phenomena which ought to arise 
from the attraction of the sun and moon, but the result must 
be corrected in each particular case for local circumstances, so 
that the theory of the tides in each port becomes really a matter 
of experiment, and can only be determined by means pf a vast 
number of observations, including many revolutions of the 
moon’s nodes. 

The mean height of the tides will be increased by a very small 
quantity for ages to come, in consequence of the decrease in the 
mean distance of the moon from the earth ; the contrary effect 
will taft place after that period has elapsed^ and the moon’s 
mean distance begins to increase again, which it will continue to 
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do for niAQy ages. Thus the mean distance of the moon amctne 
consequent minute increase in the h^i^t of the tides will oscil* 
late between fixed Jimits for ever. 

The height to which the tides rise is much greater in narrow 
channels than in the open sea, on account of the obstructions they 
meet with. The sea is so pent up in the British Channel that 
the tides sometimes rise as much as fifty feet at St. Halo, on the 
coast of France; whereas on the shores of some of the South Sea 
islands, near the centre of the Pacific^ they do not exceed one or 
two feet. The winds have great infli:|AOeu>n the heiglit of the 
tides, according as they conspire with WBppose them. But the 
actual efiect of the wind in exdtiqg the waves of the oc€}hn 
extends very little below the surface. Even in the most violent 
storms the water is probably calm at the depth of ninety or a 
hundi^ fathoms. The tidal wave of the ocean does not reach 
the Mediterranean nor the Baltic, partly from their position and 
partly from the narrowness of the Straits of Gibraltar and of the 
Gategat, but it is very perceptible in the Bed Sea and in Hudson’s 
Bay. The ebb and flow of the sea are perceptible in rivers to a 
very great distance from their estuaries. In the Narrows of Pauxis, 
in the river of the Amazons, more than five hundred miles from 
the sea, thp tides are evident. It requires so many days for the 
tide to ascend this mighty stream, that the returning tides meet a 
succession of those which are coming up; so that every possible 
variety occurs gt some part or other of its shores, both as to mag- 
nitude and time. It requires a very wide expanse of water to 
accumulate the impulse of the sun and moon, so as to render theii 
influence sensible ; on that account *the tides in the Mediterranean 
and Black Sea are scarcely perceptible. 

These perpetual commotions in the waters are occasioned by 
fbrces that bear a very small proportion to terrestrial gravitation : 
the sun’s action in raising the ocean is only the mhm of gravita- 
tion at the earth’s surface, and the action of the moon is little 
more than twice as much ; these forces being in the ratio of 
1 4o 2*35333, when the sun aiid moon* are at their mean distances 
from the earth. From this ratio the mass of the moon is found 
to be only the ^ part of that of the earth. Had the action of the 
sun on the ocean been exactly equal to that of the mo^ there 
would have been no neap tides* and the spring tides wo^ have 
been of twice the height which the action of either the sun or 
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moon would have produced separately-^ajphenomenon depending 
upon the interference, of the. waves or undulations. 

A stone plunged into a pool of still water occasions alseries of 
waves to ^vance along the surface, though the water itself is 
not carried forward, hut only rises into heights and sinks into 
hollows, each portion of the surface being elevated and depressed 
in its turn. Another stone of the same size, thrown into the 
water near the first, will occasion a similar set of undulations. 
Then, if an equal and similar wave from each stone arrive at the 
same spot at tho same time, so that the elevation of the one 
exactly coincides with the elevation of the other, their united 
effect will produce a wave twice the size of either. But, if one 
wave x>recede the other by exactly half an undulation, the eleva- 
tion of the one will coincide with the hollow of the other, and tho 
hollow of the one with the elevation of the other ; and the waves 
will so entirely oj^literate one another, that the surface of the 
water will remain smooth and level. Hence, if the length of 
each wave he represented by 1, they will destroy one another at 
intervals of J, &c., and will combine their effects at the inter- 
vals 1, 2, 3, &c. It will be found according to this principle, 
when still water is disturbed by the fall of two equal stones, that 
there are certain lines on its surface of a hyperbolic forrn^ where 
the water is smooth in consequence of the waves obliterating each 
other, and that the elevation of the water in the adjacent parts 
corresponds to both the waves united (N. 160). Now, in tho 
spring and neap tides arising from the combination of the simple 
Bolilimar waves, the spring tide is the joint result of the combi- 
nation when they coincide in time and place ; and the neap tide 
happens when they succeed each other by half an interval, so as 
to leave only the effect of their difference sensible, ft is, therefore, 
evident that, if the solar and lunar tides were of the same height, 
there would be no difference, consequently no neap tides, and ^le 
spring tides would bo twice as high as either separately. In the 
port of Batsha, in Tonquin, where the tides arrive by two channels 
of lengths corresponding to half an interval, there is neither high 
nor low Water on account of the interference of the waves. 

The initial state of the ocean has no influence on tho tides ; for, 
whatejjBr its primitive ^conditions may have been, they must soon 
liave’vanished by the friction and mobility of the fluid. One of 
the most remarkable circumstances in the theory of the tides is 
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the assurance that, in consequence of the d |ity of the sei^ 
only one-fifth of the mean density of t))e earth, a^the earth itself 
increasing in density towards the centre, the stability of the equi- 
librium of the ocean never can he subverted by any physical cause* 
A general inundation arising from the mere instability of the 
ocean is thereTore impossible. A variety of circumstances, how- 
ever, tend to produce partial variations in the equilibrium of the 
seas, which is restored by means of currents. Winds and the 
periodical melting of the ice at the poles occasion temporary water- 
courses ; but by far the most important causes are the centrifugal 
force induced by the velocity of the earth's rotation, and variations 
in the density of the sea. 

The centrifugal force may be resolved into two forces— one 
perpendicular, and another tangent to the earth’s surface (N. 161), 
The tangential force, though small, is sufficient to make the ^uid 
particles within the polar circles tend towards the equator, and 
the tendency is much increased by the imm^se evaporation in 
the equatorial regions from the heat of the sun, which disturbs 
the equilibrium of the ocean. To this may also be added the 
superior density of the waters near the poles, from their low tem- 
perature. In consequence of the combination of all these circum- 
• stances, two great currents perpetually set from each pole towards 
the equator. But, as they come from latitudes where the rotatory 
motion of the surface of the earth is very much less than it is 
between the tropics, on account of their inertia, they do not imme- 
diately acquire the velocity with which the solid part of the 
earth’s surface is revolving at the equatorial regions ; from whence 
it follows that, witliin twenty-five or thirty degrees on each side 
of the line, the ocean has a general motion from east to west, 
which is mvLG\^ increased by the action of the trade winds. Both 
in the Pacific and Atlantic currents of enormous magnitude are 
deflected by the continents and islands to the north and south 
frdm this mighty mass of rushing waters, which convey the 
warmth of the equator to temi)er the severity of the polar regions, 
while to maintain the equilibrium of the seas counter currents of 
cold water are poured from the polar oceans to mingle with the 
warm waters at the line, so that a perpetual circulation is main- 
tained. 

Icebergs are sometimes drifted as far as the Azores fi^ the 
)Polar seas, mid from the south pole they have come even to the 
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Cape of Good Hope. But the ice which encircles the south pole 
extends to lower latitudes by ICP than that which surrounds the 
north. In consequence of the polar current Sir Edward Parry 
was obliged to give up his attempt to reach the north pole in the 
year 1827, because the fields of ice were drifting to the south 
faster than his party could travel over them to the north. 

Kotzebue and Sir James Boss found a stratum of constant tem- 
perature in the ocean at a depth depending upon the latitude : at 
the equator it is at the depth of 7200 feet, from whence it gradually 
rises till it comes to the surface in both hemispheres about the 
latitude of 56® 26', where the waiter has the same tempegiture at* 
all depths ; it then descends to 4500 feet below the surface about 
the 70th parallel both in the Arctic and Antarctic Seas. The 
temperature of that aqueous zone is about 39®*5 of Fahrenheit.* 
It divides the surface of the ocean into five great zones of tern*- 
perature, namely, a medial region, in which the highest mean 
temperature is 82® Fahr., two temperate zones each of 89®*5 
Fahr., and two polar basins at the freezing point of salt water. 

♦ See the chapter on the Tides and Currenta in the * Physical Geography,* 
by the author, 4th edition. 
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SECTION, XIV. 

Molecular Forces — Permanency of the ultimate Particles of Matter -*-^ 
Interstices — Mossotti’s Theory — Rankin's Theory of hfoleculmr Vor- 
tices — Oases reduced to Liquids by Pressure — Gravitation of ParUcles 
* — Cohe^n — Ciystallization — Cleavage ~ Isqmprphism — Minuteiiete 
“ of tltf Particles— Height of Atmosphere --^C^iemii^ Affiiuty— 
finite Proportions and Relative Weights of A td|^ — Faraday's 'IMseoVery 
with regara to. Affinity — Capillary Attraction 

The oscillations of the atmosphere, and its action upon the rays 
of light coming from the heavenly bodies, connect the science of 
astronomy with the equilibrium and movements of fluids and the 
laws of molecular attraction. Hitherto that force has been under 
consideration which acts upon masses of matter at sensible dis- 
tances ; but now the effects of such forces are to he considered as 
act at inappreciable distances upon the ultimate molecules of 
material bodies. * ^ 

All substances consist of an assemblage of material |^art0es, or 
molecules, which are far too small to be visible by any m^ns 
human ingenuity h 9 ,s yet been able to devise, and which are much 
beyond tlie limits of our perceptions. They neither can be created 
nor destroyed ; Ix^ies may be burned, but their particles are npt 
consumed— they are merely liberated |tpm one combinqtioh to 
enter into anDther,nor are their peculiar properties ever chang^ ; 
whatever combinations they may enter into, they are ever 
invariably the same. 

Since every known substance may he reduced in bulk by pres- 
sure, it follows that the particles of matter are not in Actual 
contact, but are separated by interstices ; and it is evident that the 
smaller the interstitial spaces the greater the density. ’’^Thcse 
spaces appear to be filled with air in some cases, fw may 
inferred from certain semi-opaque minerals and othet sul^t^c^ 
becoming transparent when plugged into water. Sometimes they 
may possibly contain some unknown and highly elastic fiuid, 
such as Sir David Brewster has discovered ^ the minute cavities 
of various minerals, which occasionally causes them to explo^ 
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under the hands of the lapidary ; but as it* is inconceivable that 
the particles of mattcrEhould act upon one another without some 
means of communication, it* is presumed t^t the interstices of 
material substances contain a portion of the ethereal medium with 
which the regions of space are filled. 

> The various hypotheses that have been formed as to the nature 
and action of the forces which unite the particles of matter, have 
been successively given up science advanced, and now nothing 
deoisive has been attained, although Professor Mossotti, of Pisa, 
by g' very able analysis, has endeavoured to prove the identity of 
cohesive force with gravitation. As the particles qf material 
bodies are not in actual contact, he supposes that each is sur- 
rounded by an atmosphere of- the ethereal medium, which he 
conceives to be electricity ; moreover he assumes that the atoms 
of the medium repel one another, that the particles of matter also 
repel one another, but with less intensity, and that there is a 
|l attraction between the particles of matter and the atoms 
Medium, forces which are assumed to vary inveirsely as the 
squsire of the distance. 

’ Hence, when the material molecules of a body are inappreciably 
hear to one another, they mutually repel each other with a force 
which diminishes rapidly as the infinitely small distance between 
the thaWial molecules augments, and at last vanishes. When 
the molecules are still farther apart, the force becomes attractive. 
At that particular point where the change takes place the forces 
of repulsion and attraction balance each other, so that the mole- 
cules of a body are neither disposed to approach nor recede, but 
remain in equilibrio. If we try to press them nearer, the sepuL 
sive force resists the attempt ; and if we endeavour to break the 
body so as to tear the particles asunder, the attractive force pre- 
dominates and keeps them together. This is what constitutes the 
cohesive force, or ibree of aggregation, by which the molecules of 
alLsubstances are united. The limits of the distance at which 
itj^e negative action becomes positive vary according to the tem- 
perature nature of the molecules, and determine whether the 
body which tiiey form be solid, liquid, or aeriform. 

;^ond this neutral point the attractive force increases as the 
distance between the molecules augments till it attaii^ a maxi- 
mum ; when the particles are mora apart, it diminishes ; and, as 
socn as t&y am separated by finite or sensible distances, it varies 
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directly as their mass and inversely as the square of the disfancei 
which is precisely the law of universal gnMritatiqn. 

Thus, on the hypothesis that the mutual repulsion between the 
electric atoms is a little more powerful than the mutual repulsion 
1}ctwecn the particles of matter, the ether and the matter attract 
each other with unequal intensities, which leaves an excess of 
attractive force constituting gravitation. As the gravitating force 
is in operation wherever there is matter, the . ethereal electric 
medium must encompa'bs all the bodies in the universe; and, as 
it is utterly incomprehensible that the celestial bodies should 
exert a reciprocal attraction through a void, the Professor con- 
cludes that the ethereal electrical medium fills all space. 

It is true that this connexion between the molecular forces and 
gravitation depends upon hypothesis ; but in the greater number 
of physical investigations some hypothesis is requisite in the 
first instance to aid the imperfection of our senses ; and when the 
phenomena of nature accord with the assumption, we are justified 
in believing it to be a general laV. 

Mr. Rankin’s theory of molecular vortices, or the molecuM 
structure of matter, is independent of electricity. Acoordin^K * 
his hypothesis, each atom of matter consists of an inappre6!^^ 
small nucleus, encompassed by an elastic ethereal atmosphere 
which is retained in its position by attractive forceltdirccted 
towards the molecule, whilst the molecules attract each other in 
the direction of straight lines joining their centres. The rfuclei 
may either be solid, or a high condensation of the atmospheres 
which surround each with decreasing density. When the attrao* 
tion between the molecules is such tl)at the elasticity of the atmo- 
spheres is insensible, the body is a perfect solid, the rigidity of 
which bears a certain definite proportion to the elasticity of the 
volume. When the atmospheres are less condensed and the 
attraction of the molecules .merely produces* a cohesive force 
sufficient to balance the atomic elasticity of the atmosphere, »the 
body is a perfect liquid ; and when the attraction of the molecule 
is very small compared with the elasticity of their Cereal at- 
mospheres, the body is a perfect gas. These atmospheres are 
supposed to be portions of the etbereal medium which penetrates 
I into the jnterstices of every substance, and their elasticity to be 
due to the heat generated by .the centrifugal force or (^illations 
among tbeir atoms, for motion is the caude of heat, the force 
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producing the motions varying simply as the density of the 
ether. 

In aerifoim fluids, although the particles are more remote from 
eaeh other than in liquids and solids, yet the pressure may he So 
great as to reduce an aeriform fluid to a liquid, and a liquid to a 
solid. Dr. Faraday has reduced some of the gases to a liquid 
state by very great compression ; but although atmospheric air 
is capable of a diminution of volume to which we do not know a 
limit, it has hitherto always retained its gaseous qualities, and 
resumes its primitive volume the instant the pressure is removed. 
Substances are said to be more or less elastic, according to the 
facility with which they regain their bulk or volume when the 
pressure is removed ; thus liquids resist compression on account 
of their elasticity, and in solids the resistance is much greater but 
variable, and the effort required to break a substance is a measure 
of the cohesive force exerted by its particles. In stone, iron, steel, 
and all brittle and hard substances, the cohesion of the particles 
is powerful but of small extent ; in elastic bodies, on the con- 
trary, its action is weak, but more extensive. An infinite variety 
of conditions may be observed in the fusion of metals and other 
substances passing from hardness to toughness, viscidity, and 
through all the other stages to perfect fluidity and even to vapour. 
Since all bodies expand by heat, the cohesive force is weakened 
by increase of temperature. The cohesion of matter or the 
strength of substances forms an important branch of study in 
engineering. 

Every particle of matter, whether it forms a constituent part 
of a solid, liquid, or aeriform fluid, is subject to the law of gra- 
vitation. The weight of the atmosphere, of gases and vapour, 
shows that they consist of gravitating particles. In liquids the 
cohesive force is not sufficiently powerful to resist the action of 
gravitation. Therefore, although their component particles still 
maintain their connexion, the liquid is scattered by their weight, 
unless when It is confined in a vessel or has already descended to 
the lowest jK)int possible, and assumed a level surface from the 
mobility of its particles and the influence of the gravitating 
forces, as in the. ocean, or a lake. Solids would also fall to pieces 
by the weight of their particlesj if the force of cohesion were not 
powerful enough to resist the efforts of gravitation. 

^ The phenomena arising from the force of cohesion are inuiit 
* r3 ' 
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meri^le. The spherioal fonn of rain-drops ; the difficulty of 
detaching a plate of glass the surface of water ; the force 
with which two plane surhices adhere when pressed together ; 
the drops that cling to the window-glass in a shower of rain^ 
are all offecta of cohesion entirely independent of atmoi^eric 
pressure, and are included in the same analytical formula 
(N. 1625 which expresses all the circumstances accurately, 
^though the laws according to which the forces of cohesion and 
repulsion vary are unknown. It is more than probable that the 
spherical form of the sun and planets is due to the force of 
cohesion, as they have every appearance of having been at one 
period in a state of fusion. 

A very remarkable instance has occasionally been observed 
in plate-glass manufactoiics. After the larger plates of glass 
of which mirrors are to be made have received their last polish, 
they arc carefully wiped and laid on their edges with their 
surfaces resting on one another. In the course of time An 
cohesion has sometimes been so powerful, that they could njUjfc 
separated without breaking. Instances have occurred wbe j P HBf 
or three have heeu so perfectly united, that they have 
and their edges polished as if they had been 
so great was the force required to make the 
one tore off a portion of the surface of the other. Jr ’P' 

In liquids and gases the forms of the particles liave no in- 
fluence, they are so far apart ; but the structure of solids varies 
according to the sides which the particles preSOnt'to one another 
during their aggregation. Nothing is known of llidr^Nimi^tueitbsV 
than the dissimilarity of their different sides in ^cill^p^^ases, 
which appears from their reciprocal attractionst^rislf' crys- 
tallisation being more or less powerful according to the sides 
they present to one another. Crystallisation is an effect of 


molecular attraction regulated by certain laws, according to 
which atoms of the same kind of matter unite in regular forms — 
a fact easily proved by dissolving a piece of alum in pure water. 
The mutual attraction of the particles is destroyed by the water; 
but, if it be evaporated, they unite, and form in uniting eight- 
sided figures called octahedrons (N. 163 ). llicse however are 
not all the same. Some have their angles cut off, others their 
edges, and some both, while the remain&r take the regular form. 
It k quite clear that the same circumstances which cause the 
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aggregation of a few particles would, if contiDUje^i cause the 
addition of more ; and the process would go on as long as any 
particles remain free round ^e primitive nucleus, which would 
increase in size, but would remain unchanged in form, the figure 
of the particles being such as to maintain the regularity and 
smoothness of the. surfaces of the solid and their mutual incli- 
nations. A broken ciystal will by degrees resiune its regular 
figure when put back again into the solution of alum, which 
shows that the internal and extdmal particles are similar, and 
have a similar attraction for the particles held in solution. The 
original conditions of aggregation which make the molecules of 
the same substance ubite in different forms must be very nu- 
merous, since of carbonate of lime alone there are many hundred 
varieties ; and certain it is, from the motion of polarised light 
through rock crystal, that a very different arrangement of 
particles is requisite to produce an extremely small change in 
external form. A variety of substances in crystallising combine 
chemically with a certain portion of water which in a dry state 
forms an essential part of their crystals, and, according to the 
experiments of MM. Haidinger and Mitscherllch, seems in some 
cases to give the peculiar determination to their constituent mole- 
cules. These gentlemen have observed that the same substance 
crystallising at different temperatures unites with different quan- 
tities of water and assumes a corresponding variety of forms. 
Seleniate of zinc, for example, unites with three difi^rentportioxis 
*of water, and assumes three differex^ forms, according as its 
temperature in the act of crystallising is ho V lukewarm, or cold. 
Sulphate of soda also, which crystallises at 90^ of Fahrenheit 
without water of crystallisation, combines with water at the 
ordfnary temperature, and takes a different form. Heat appears 
to have a great influence on the phenomenapf crystallisation, not 
only when the particles of matter are free, but even .when firmly 
united, for it dissolves their union, and gives them another deter- 
mination. Professor Mitscherlich found that prismatic crystals 
of sulphate of nickel (N. 164), exposed to a summer’s sun in a 
close vessel, had their internal structure so completely altered 
without any exterior -diange, that when broken open they were 
ccanposed internally of octahedrons with square bases. The 
original aggregation of the internal particles had been dissolved, 
and a disposition given to arrange themselves in a crystalline 
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form. Cry^ls of sulphate of magnesia and of sulphate of zinc, 
gradually heated in alcohol till it boils, lose their transparency 
by degrees, and when opened are foijind to consist of innumeralble 
minute crystals totally different in form from the whole crystals ; 
and prismatic crystals of zinc QS, 165) are changed in a few 
seconds into octahedrons by the heat of the sun : *otW instances 
might be given of the influence of even moderate degrees of tem- 
perature on molecular attraction in the interior of substances. 
It must be observed that theite experiments give entirely new 
views with regard to the constitution of solid bodies. We are 
led from the mobility of fluids to expect great changes in the 
relative positions of their molecules, which must be in perpetual 
motion even in the stillest water or calmest air ; but we were not 
prepared to find motion to such an extent in the interior of^ 
solids. That their particles are brought nearer by cold and’ 
pressure, or removed farther from one another by heat, might b^ 
expected; but it could not have been anticipated that their 
relative positions could be so entirely changed as to alter thejr 
mode of aggregation. It follows, from the low temperature at 
which these changes are effected, that there is probably no por- 
tion of idirganic matter that is not in a state of relative motion. 

Professor Mitscherlicli’s discoveries with regard to the fptBQ^ of 
crystallised substances, as connected with their cha- 
racter, have thrown additional light on the "Mipitution of 
material bodies. There is a certain set of crystalline fojms which 
are not susceptible of variation, as t^je die or cuho'^. 166), 
which may be small or large, but is invariably a EK^proounded 
by six square surfaces or planes. Such also is the- tetrahedron 
(N. 167) or four-sided solid contained by four equal-sided 
triangles. Several other solids belong to this class, which is 
called the Tessular system of crystallisation. There arc other 
crystals which, though bounded by the same number of sides, 
and having the same form, are yet susceptible of variation ; for 
instance, tlie eight-sided figure with a square base, called an 
octahedron (N. 168), which is sometimes flat and low, and some- 
times acute and high. It was formerly believed that identity of 
form in all crystals not belonging to the Tessular system indi- 
cated identity of chemical composition. Professor Mitscherlich, 
however, has shown that substances differing to a Certain degree 
in chemical cohgpositidn have the 'proporty of assuming the same 
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crystalline form. For exam^e, the neutral phosphate of soda 
and the arseniate of soda crystallise in the very same form, 
contain the same quantities of acid, alkalij and water of crystal- 
lisation ; yet they differ so far, that one contains arsenic and the 
other an equivalent quantity of phosphorus. Substances having 
such properties are said to Iw isomorphous, that is, equal in form. 
Of these there are many groups, each group having the same 
form, and similarity though not identity of chemical composi- 
tion. For instance, one of. the isomorphous groups is that consist- 
ing of certain chemical substances called the protoxides of iron, 
copper, zinc, nickel, and manganese, all of which are identical in 
form and contain the same quantity of oxygen, but differ in the 
. respective metals they contain, which are, however, nearly in the 
same proportion in each. All these circumstances tend to prove 
that substances having the same crystalline form must consist of 
ultimate atoms having the same figure and arranged in the very 
same order ; so that the form of crystals is dependent on their 
atomic constitution. 

All crystallised bodies have joints called cleavages, at which 
they split more easily than in other directions ; on this property 
the whole art of cutting diamonds depends. EacUlsubstance 
splits in a manner and !h forms peculiar to itself. For example, 
all the hundreds of forms of carbonate of lime split into six-sided 
figures, called rhombohedrons (N. 169), whose alternate angles 
measure 105’55® and 75‘05®, however far the division may he 
carried ; therefore the ultimate particle of carbonate.of lime is 
presumed to have that form. However this may be, it is certain 
that all the various crystals of that mineral may bo formed by 
building up six-sided solids of the form described, in the same 
manner as children build houses with miniature bricks. It may 
^ be imagined that a wide difference may exist between the parti- 
cles of an unformed mass and a crystal of the same substance— 
between .the common shapeless limestone, and the pure and 
limpid crystal of Iceland spar; yet chemical analysis detects 
none ; their ultimate atoms are identical, and crystedlisation 
shows that the difference arises only from the mode of aggrega- 
tion. Besides, all substances either crystallise naturally, or may 
be made to do so by art. Liquids crystallise in freezing, vapours 
by sublimation (N. 170) ; and hard bodies, when fused, crystal- 
Use in cooling. . Hence it may be inferred- that substances are 
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composed of atoms, on whose magnitude, density, and form, 
their nature and qualities depend ; and, as these qualities are 
unchangeable, the ultimate particles of mattes: must be incapable 
of wear — the same now as when created. 

The size of the ultimate particles of matter must be small in 
the extreme. Organised beings, possessing life and all its func- 
tions, havp been discovered so small, that a million of them 
would occupy less space than a grain of sand. The malleability 
of gold, the perfume of musk, the odour of flowers, and many 
other instances might be given of the excessive minuteness of the 
atoms of matter. Supposing the density of the air at the surface 
of the earth to be represented by unity, Sir John Herschel has 
shown that, under any hypothesis as to its atoms, it would re- 
quire a fraction having at least 1S70 figures in its denominator 
to express its tenuity in the interplanetary space; yet the 
definite proportions of chemical compounds afford a proof that 
divisibility of matter has limit. The cohesive force, which 
has been the subject of the preceding considerations, (mly unites 
particles of the same kind of matter ; whereas aflint%^|||^^ 
is the cause of chemical compounds, is the mutual sMt# > 
don betwien particles of different kinds of matter, generalj||f 
producing a compound which has no sensible property in comipon 
with its component parts except that of their combined gravity, 
as, for example, water, which is a compound of oxygen 'and 
hydrogen gases. It is merely a result of the electrical state of 
the particles, chemical affinity and electricity being opdy forms of 
the same power. In most cases it produces elsotil$city, as in 
the oxidation of metals and combustion, and in evtty case with- 
out exception heat is evolved by bodies while combining cl^mi^ 
cally ; and as he at isan expansive force, chemical action is changed 
into meclianical expansion, but it is not known in this case why * 
heat is produced, nor the manner in whidli the particles act. 

It is a permanent and universal law in vast numbers of unor- 
ganised bodies that their composition is definite and invariable, 
the same compound always consisting of the same elements 
united together in the same proportions. Two substances may 
indeed be mixed ; but they will not conflbine to form a thiid 
substance difl[erent from both, unless their component particles 
ipiite in definite proportions, that is to say, one part hy weight 
of one of the substances will unite with one part by weight of the 
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other, or with two parts, or three, or four, &Ci, so as to form a 
new substen^ ; but in any other proportadto they will only be 
mechanically mixed. Foe example one part by weight of 
hydrogen gas will combine with eight parts by weight of oxygen 
gas, and form water.; or it will unite with sixteen parts by 
weight of oxygen, and form a substance called deutoxide of 
hydrogen ; but, added to any other weight of oxygen, it will 
produce one or both of these compounds mingled with the portion 
of oxygen or hydr 9 gen in excess. The law of definite proportion 
established by Dr. Dalton, on the principle that every compound 
body cmisists of a combination of the atoms of its constituent 
parts, is of universal application, and is in fact one of the most 
important discoveries in physical science, furnishing information 
previously unhoped for with regard to the most secret and 
minute operations of nature, in disclosing the relative weights of 
...^Alltimate atoms of matter. Thus an* atom of oxygen uniting 
with an atom of hydrogen forms the compound water; but, as 
every dfop of water however small consists of eight parts by 
wei^t of oxygen and one part by weight of hydrogen, it follows 
that an atom of oxygen is eight times heavier than an atom of 
hydrogen. In the same manner sulphuretted hytrogen gas 
consists of sixteen parts by weight of sulphur and one of hydro* 
gen ; therefore an atom of sulphur is sixteen times heavier than 
an atom of hydrogen. Also carbonic oxide is constituted of six 
parts by weight of ^rbon and eight of oxygen ; and, as an atom 
of oxygen has eight times the weight of an atom of hydrogen, it 
follows that an atom of carbon is six times heavier than one of 
hydrogen. Since the same definite proportion holds in the^ 
composition of a vast number of substances that have been 
examined, it has been concluded that there are great differences 
in the weights of the ultimate particles of matter. Although 
Dalton’s law is fully established, yet instances have occurred 
fiom which it appears that the atomic theory deduced from it is 
not always maintained. M. Gay Lussac discovered that gases 
unite together by their hulk or volumes, in such simple and 
definite proportions as one to one, one to two, one to three, &c. 
For example, one volume or measure of oxygen unites with two 
volumesormeasuresof hydrogen in the formation of water. ' 

Dr. Faraday has proved, by experiments on bodies both in 
solution ^d fusion* that chemical affinity is merely a result of 
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the electrical state of the particles of matter. Now it must be 
observed that the composition of bodies, as well asiheir decom- 
position, may be accomplished by means of electricity ; and Dr. 
Faraday has found that this chemical composition and decoin|X)- 
sition, by a given current of electricity, is always accomplished 
according to the laws of definite proportions; and that the 
quantity of electricity requisite for the decomposition of a sub- 
stance is exactly the quantity necessary for its compositibn. 
Thus the quantity of electricity which can decompose a grain^ 
weight of water is exactly equal to the quantity of electricity 
which unites the elements of that grain of water together, and is 
equivalent to the quantity of atmospheric electricity which is 
active in a very powerful flash of lightning. This* law is 
universal, and of that high and general order which characterises 
all great discoveries. Chemical force is extremely powerful. A 
pound of the best coal gives when burnt sufficient heat to raise 
the temperature of 8086 pounds of water one Centigrade degree, 
when<^ Professor Helmholtz of Bonii has computed: 
magnitude of the chemical force of attraction betwi^§%b 
particles of a pound of coal and the quantity of oxJ^g4i' • that 
corresponds to it, is capable of lifting a weight of 100 pounds to 
the height of 20 miles. 

Dr. Faraday has given a singular instance of cohesive fdree 
inducing chemical combination, by the following expe^^ent, 
which seems to be nearly allied to 'the discovery made by M. 
DoBbereiner, in 1823, of the spontaneous combustion of spongy 
platinum (N. 171) exjwsed to a stream of hydrogeh gan^ a^Od with 
, common air. A plate of platinum with extremely, tftte surfaces/ 
when plunged into oxygen and hydrogen gas in the pidv 
portions which are found in the constitution of water, causite^ffite- 
gases to combine and water to be formed, the platinum to beconiS 
red-W, and at last an explosion to take place ; the only condi- 
tions necessary for this curious experiment being excessive 
purity in the gases and in the surface of the plate. A sufficiently 
pure metallic surface can only be obtained by imnrersing the 
platinum in very strong hot sulphuric acid and fl^nWashing it in 
distilled water, or by making it th^positive p^leof at galvanic pile 
in dilute siilphutic acid* It app^ib that Ihe lbibe of cohesion, as 
well as the force of affinity, exerted by parSdl^ 6f matter, extends * 
4x> all the.particles within a very minute ^distance, H^ehcd the 
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platinum, wMle drawing the particles of the two gases towards its 
surface by its great cohesive attraction, brings them so hear to 
one {mother that they come within the sphere x>f their mutual 
' afBxiity, and a chemical combination takes place. Dr. Faraday 
attributes the effect in part also to a diminution in the elasticity of 
the gaseous particles on their sides adjacent to the platinum, and 
to their perfect mixture or association, as well as to the positive 
action of the metal in condensing them against its surface by its 
^attractive force. The particles when chemically united run off 
the surface of the metal in the form of water by their gravitation, 
or pass away as aqueous vapour and make way for others. 

The oscillations of the atmosphere, and the changes in its 
temperatu'r^t,jl^.^m*^8^i^^ by variations in* the heights of the 
. jd;^pmete^ ima thermome But the actual length of the liquid 
"^columns depends not only upon the force of gravitation, but upon 
the cohesive force or reciprocal attraction between the molecules 
of the liquid and those of the tube containing it. This peculiar 
actibn of the cohesive force is called capillary attraction or capil- 
larity. If* a glass tube of extremely fine bore, such as a small 
thermometer tube, be plunged into a cup of water or spirit of 
wine, the liquid will immediately rise in the tube above the level 
of that in the cup ; and the surface of the little column thus 
suspended will be a hollow hemisphere, whose diameter is the 
interior diameter of the tube. If the same tube be plunged into 
a cupful of mercury, the liquid will also rise in the tube, but it 
will never attain the level of that in the cup, and its surface will 
be a hemisphere whose diameter is also the diameter of the tube 
(N. 172). The elevation or depression of the same liquid in 
different tubes of the same matter is in the inverse ratio' of their 
intemdl diameters (N. 173), and altogether independent of their 
thickness ; whence it follows that the molecular action is insen- 
sible at sensible distances, and that it is only the thinnest possible 
film of the interior surface of the tubes that exerts a sensible 
action on the liquid. So much indeed is this the case, that, 
when tubes of the same boro are completely wetted with water 
throughout their whole extent, mercury will rise to the same 
height in all of them, whatever be their thickness or density, 
because the minute coating of moisture is sufficient to remove 
•the internal column of mercury beyond* the sphere of attraction 
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of the tube, and to supply the place pf atubeby its own capillary 
attraction. The forces which produce •^the capillaiy phenomena 
are the reciprocal attraction of the tube and the liquid, and of 
the liquid partides on one another ; and, in order that the capil* 
lary column may be in equilibria, the weight of that part of it 
which rises above or sinks below thevlevel of the liquid in the 
cup must balance these forces. 

The estimation of the action of the liquid is a difficult part of 
this problem. La Place, Dr. Young, and other mathematicifuii^ 

* have considered the liquid within the tube to be of unifo^ ' 
density ; but M. Poisson, in one of those masterly productions in 
which he elucidates the most abstruse subjects, has proved that 
the phenomena of capillary attraction depend upon a rapid 
decrease in the density of the liquid column throu^out an 
tremely smalj space at its surface. Every indefinitely thin layer 
of a liquid is compressed by the liquid above it, and supported 
by that below. Its degree of condensation depends upon the 
magnitude of the compressive force ; and, as this force di-crilsses 
rapidly towards the surface, where it vanishes the density of the 
liquid decreases also. M. Poisson has shown that, when this 
force is omitted, the capillary surface becomes plane, a^d that 
the liquid in the tube will neither rise above nor sink below the 
level of that in the cup. In estimating the forces, it is also 
necessary to include the variation in the density ot the papillary 
surface round the edges from the attraction of the tube. 

The direction, of the resulting force determines the curvj&ture 
pf the surface of the capillary column. In order that a liquid 
may be in equilibrio, the force resulting from all the forces acting 
upon it must be per^iendicular to the surface. Now it appears 
tl^t, as glass is more dense than water or alcohol, the resulting 
force will be inclined towards the interior side of the tube j there- 
fore the surface of the liquid must be more elevated at the ^es 
of the tube than in the centre in order to be pei'pendicular .mt, 
so that it will be concave as in the thermometer. But, as glw 
is less dense than mercury, the resulting force will be inclined 
from the interior side of the tube (N. 174), so that the surface 
of the capillary column must be more depressed at the sid^ of 
the tube than in the centre, in order to be perpendicular to the 
resulting force, and is consequently convex, as may be perceived 
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ih the mercury of the barometer when rising*/ Thd absorptidii of 
moisture by sponges, sugar, &c., are familiar examples of 
capillary-attraction. Indeed the pores of sugar are so minute, 
that there seems to ho no limit to the ascent of the liquid. 
Wiue is drawn up in a curve on the interior surface of a glass ; 
tea ijses above its level on the side of a cup ; but, if the glass 
or cup be too full, the edges attract the liquid downward^, and 
give it a rounded fqnn. A. column of liquid will rise above or 
sink below its level between two plane parallel surfaces when 
h^r to one another, according to the relative densities of the 
plates and the liquid (N. 175) ; and the phenomena will be ex- 
iactly the same as in a cylindrical tube whose diameter is double 
the distance of^e plates from each other. If the two surfaces 
be very near t^ne another, and touch each other at one of their 
upright edges, the liquid will rise highest at the edges that are 
in contact, antfwill gradually diminish in height as the surfaces 
b^me more separated. The whole outline of the liquid column 
wilf have the form of a hyperbola. Indeed, so universal is. the 
^ibn of capillarity, that solids and liquids cannot touch one 
another without pr^ucing a change in the form of the surface of 
the' liquid. 

The attractions and repulsions arrising from capillarity present 
many curious phenomena. If two plates of glass or metal, both 
of which aie either dry or wet, be«partly immersed in a liquid 
parallel to one another, the liquid will be raised or depressed 
close to their surfaces, but will maintain its level through the 
rest of the space that separates them. At such a distonce ^hey 
neither attract nor repel one another ; but the instant they are 
brought so near as to make the level part of the liquid disappear, 
and the two curved parts of it meet, the two plates will rush 
towards each other and remain pressed together (N. 176). If 
of the surfaces be wet and the other dry, they will repel one 
aether when so near as to have a curved surface of liquid 
between them ; but, if forced to approach a little nearer, the re- 
pulsAn will be overcome, and they will attract each other as 'if 
they were both wet or ^th dry. Two balls of pith or wood 
floating in water, or two balls of tin floating in mercury, attract 
one another as soon as they are so near that the surface of the 
liquid is curved between them. Two ships in the ocean may be 
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brought into collision by this principle. But two balls, one of 
which is wet and the other dry^ repel one another as soon as the 
liquid which separates them is curved at its surface. A bit of 
tea-leaf is attracted l>y the edge of the cup if wet, and repelled 
when' dry, provided it be not too far from the edge and the cup 
moderately full ; if too full, the contrary takes place. It is 
probable that the rise of the sap in vegetables is in some degree 
owing to capillarity. 
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SiiCTION XV. . 

Analysis of tiio Atmosphere — - Its Pressure — Law of Decrease in Density 
— Law of Decrease in Temperature — Measurement, of Heights by the 
Barometer — Extent of the Atmosphere — Barometrical Variations — 
Oscillations — Trade-Winds — Cloud-King — - Monsoons — Rotation of 
Winds — Laws of Hurricanes. 

The atmosphere is not homogeneous. It appears from analysis 
that, of 100 parts, 99*5 consist of nitrogen and oxygen gases 
mix^ in the proportions of 79 to 21 of volume, the remainder 
consists of 0*05 parts of carbonic acid and on an average 0-45 of 
aqueous vapour. These proportions are found to he the same at 
all heights hitherto attained by man. The air is an elastic fluid, 
resisting pressure in every direction, and is subject to the law of 
gravitation. As the space in the top of the tul^ of a barometer 
is a vacuum, the column of mercury suspended by the pressure 
of the atmosphere on the surface of that in the cistern is a 
measure of its weight. Consequehtly every variation ii^ithe 
density occasions a corresponding rise or, fall in the baromiliii^l 
column. At the level of the sea in latitude* 42^, and 
temperature of melting ice, the mean height of the barometei^ is 
29*922 or 30 inches nearly. The pressure of the atmosphere is* 
about flfteen pounds on every square inch ; so that the surface 
of the whole globe sustains a weight of 11,671,000,000 hundreds 
of millions of pounds. Shell-fish, which have the power of 
producing a vacuum, adhere to the. rocks by a pressure of fifteen 
pounds qpon every square inch of contact. 

jjj^ atmosphere when in equilibrio is an ellipsoid flattened at 
th^^les from its rotation with the earth. In that state its 
strata are of uniform density at equal heights above the lo’^l of 
the sea ; but since the air is both heavy and elastic, its density 
necessarily diminishes in ascending above the surface of the 
earth ; for each stratum of air is compressed only by the x^eight 
above it. Therefore the upper strata are less dense because they 
are less compressed than those below them. Whence it is easy 
to show, supposing the temperature to be constant, that if the 
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heights above the earth he taken in ' increasing anthmetical 
progression, that is, if they increase by equal quantities, 80. by a 
foot or a mile, the ^nsities of the strata of air, or the heights of 
the, barometer which are proportionate to them, will decrease in 
geometrisal progression. For example, at the level of the sea if 
the mean height of the barometer be 29*922 inches, at the height 
of 18,000 feet it will be 14:*96l inches, or one half as great ; at 
the height of 36,000 feet it will be one-fourth as great ; at 54,000 
feet it will he one-eighth, and so on. Sir John Herschel has shown 
that the actual decrease is much more rapid, and that, in any hypo- 
thesis that has been formed with regard to the divisibility of the 
aerial atoms, a vacuum exists at the height of 80 or 90 miles above 
the earth’s surface, inconceivably more perfect than any that can be 
produced in the best air-pumps. Indeed the decrease in density is 
so rapid that three-fourths of all the air contained in the atmosphere 
is within four miles of the earth ; and, as its superficial extent is 
200 millions of square miles, its relative thickness is less than 
that of a sheet of paper when compared with its breadth. The air 
even on mountain tops is sufficiently rare to diminish th^;.h^^^y 
of sound, to affect respiration, and to occasion a lo$s j||g^uiar 
strength. The blood burst from the lips>iMi4^^(||pBfl de 
Humboldt as he ascended the Andes; and;& 
same difficulty in kindling and maintaining ^nre-^gj^^’heights 
which Marco Polo, the Venetian, felt on tl|e r^htains of 
Central Asia. M. Gay-Lussac ascended in a,iballoo6 to the 
height of 4*36 miles, and he suffered greatly f]rcj^ tii|s rarity of 
the air. It is true- that at the height of thirty*(iiqyen miles the 
atmosphere is still dense enough to reflect therays of the sun when 
18^ below the horizon ; but the tails of comets show that extremely 
attenuated matter is capable of refltcting light. And although, 
at the height of fifty miles, the bursting of the meteor^of 1783 
was heard on earth like the report of a cannon, it only mMes 
the immensity of the explosion of a mass half a mile in diaxnller, 
whidh could produce a sound capable of |)enetWing air three 
thousand times more rare than that we breath^^But even these 
heights are extremely small when compare^.pthi the radius of 
the earth. J" ^ 

The density of the air is modified by circumstances, 

chiefly by changes of temperature, becauM jbihat dilates the air 
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for evierjr ^kgree of Fabrenhe1t*8 tbermometer, Experii^ce show^ 
Hmt ibe heat of the air decreases as the height above the surface 
of the earth increaseB. It appears thaf the mean ten^)eTature of 
isipaoe is 226® below the zero point of Fahrenheit by the theories 
of Fourier and Pouillet, but Sir John Herschel has computed it 
to be - 232® Fahr/from observations made during the ascent in 
balloons. Such would probably be the tempeiiiture of the sur- 
&oe of the earth also, were it not for the non-conducting power of 
the air, whence it is enabled to retain the heat of the sun’s rays, 
which the earth imbibes and radiates in all directions. The 
decnsase in heat is very irreguiar; each authority gives a 
different estimate, because it varies with latitude and local 
circumstances, but from the mean of five different statements it 
1^108 to be about one degree for every 334 feet; the mean of 
observations made in balloons is 400 feet, which is .probably 
nearer the truth. . This is the cause of the severe cold and perpetual 
snow on the summits of the alpine chains. In the year 1852 four 
ascents in a balloon took place from the meteorological observatory 
at’ Kew, in which the greatest height attained was 22,370 feet. 
The observations then made by Mr. \^el8h furnished Sir John 
Herschel with data for computing that the temperature of space 
is minus 230®, that is 239^ below the zero point of Fahrenheit, 
that the limiting temperature of the atmosphere is probably 77J 
degrees beBw that point at the equator, and 119} below it at the 
poles, with a range <jf temperature from the surface of 161}^ in 
the former case, and 119}® in the latter. During these ascents it 
was found that the temperature of the air decreases uniformly 
up to a«ccrtain point, where it is arrested and remains constant, 
or increased through a depth of 2000 or 3000 feet, after which it 
decreases again according to the same law as before. Throughout 
this zone of constant temperature it either rains, or there is a 
gi^ fall in the dew point ; in short, it is the region of clouds, 
atiffthe inefease of temperature is owing to the latent or absorbed 
heat sot free by the condensation of the aqueous vapour. In the 
latitude of Kew the cloud region begins at altitudes varying 
between 2000 and 6500 feet, according to the state of the 
weather. 

Were it not for the effects of temperature on the density of the 
air, the heights of mountains might be determined by the 
barometer alone j but as the thermometer must also be con- 
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suited, the determination becomes more complicated. Mr. Ivory’s 
method of computing heights from barometrical measurements 
has the advantage of cotnlnning' accuracy with the greatest 
simpUcity. Indeed the accuracy with which the heights of 
mountam» can be obtained by this method is very remarkable. 
Admiral Smyth, R.N„ and Sir John Herschel measured the 
height of Etna by the barometer, without aqy communication 
and in different years ; Admiral Smyth made it 10,874 feet, and 
Sir John Herchel 10,873, the difference being only one foot. In 
consequence of the diminished pressure of the atmosphere water 
boils at a lower temperature on mountain tops than in*the 
valleys, which induced Fahrenheit to propose this mode of 
observation as a method of ascertaining their heights. It is very 
simple, as Professor Forbes ascertained that the temperature of 
the boilipg point varies in arithmetical proportion with the 
height, or 5495 feet for every degree of Fahrenheit, so that the 
calculation of height becomes one of arithmetic only, without the 
use of any table. 

The mean pressure of the atmosphere is not the same all ove^r 
the globe. It is less by (T*24 of an inch at the equator thai^at 
the tropics or in the higher latitudes, in consequence of the 
ascent of heated air and vapour from the surface of the ocean^ It , 
is less also on the shores of the Baltic Sea than it is in Francq, 
and it was observed by Sir James 0. Ross that throegho^ the 
whole of the Antarctic Ocean, from 68^ to 74® S. latitude, and 
from 8® to 7® W. longitude, there is a depression of the barometer 
amounting to d'n inch and upwards, which is equivalent 
elevation above the Sea level of 800 feet. A similar depi^gesion 
was observed by M. Erman in the sea of Ochotzk, find in the 
adjacent continent of eastern Siberia. Sir John Herschel assigns 
as the cause of these singular anomalies the great system of 
circulation of the trade and antetrade winds, in both hemi^ 
spheres, reacting upon the general mass of the continent's 
obstacles in their path, wliich is modified by the configuration of 
the land. 

There are various periodic oscillations in the atmosphere, which, 
rising and falling like waves in the sea, occasion corresponding 
changes in the height of the barometer, but they differ as much 
from the trade*winds, monsoons, and other currents, as the tides 
of the sea do from the Gulf-stream and other oceanic rivers. 
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The sun and moon disturb the equilibrium 9 ! the atmosphere by 
their attraction, and produce annual undulatipns which have 
their maximum altitudes at the equinoxes, and their minima at 
the solstices. There are also lunar tides, which ebb and flow 
twice in the course of a limation. The diurnal tides; which 
accomplish their rise and fall in six hours, are greatly modified 
by the heat of the sun. JBetween the tropics the barometer 
attains its maximum height about nine in the morning, then 
sinks till three or four in the afternoon; it again rises and 
attains a second maximum about nine in the evening; ahd then 
it begins to fall, and reaches a second minimum at three in 
the morning, agaiil to pursite the same course. According to 
M. Bouvard, the amount of the oscillations at the equator is 
proportional to the temperature, and in other parallels it varies 
as the temperature and the square of the cosine of the latitude 
conjointly; consequently it decreases from the equator to the 
poles, but it is somewhat greater in the day than in the night. 

Besides the§e small undulations, there are vast waves {jeN 
petually moving over the continents and oceans in separate and 
independent systems, being confined to local, yet very extensive 
districts, probably occasioned by long-continued rains or dry 
weather over large tracts of country. By numerous barome- 
trical observations made simultaneously in both hemispheres, the 
courses of several have been traced, some of which occupy 
twenty-four, and others thirty-six, hours to accomplish their 
rise and fall.* One especially of these vast barometric waves, 
many hundreds of miles in breadth, has been traced over -the 
greater part of Europe ; and not its breadth only,. but also the 
direction of its front and its velocity, have been clearly ascer- 
tained. Although, like all other waves, these are but moving 
forms, yet winds arise dependent on them like tide streams in 
tli^pcean. Air, BirC has determined the periods of other waved 
of still greater extent and duration, two of which required 
seventeen days to rise and fall ; and another which takes fourteen 
days to complete its undulation, called by Mr. Birt tlie November 
wave, passes annually over the British Islands, probably o^r 
the whole of Europe and the seas on its northern coasts. Its 
crest, which appears to be 6000 miles in extent, moves !tom 
N.W. to S.E. at the rate of about 19 miles an hour ; while the 
extent of i^ barometrical elevation from its trou^ tb its crest is 
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seldom less than an inch, sometimee double that quantity. The 
great crest is preceded and followed at about five days’ interval 
by two lower ones, and the beginning and end are marked by 
deep depressions. The researches of M. Leverrier leave no doubt 
that the great Crimean storm of the 14th November, 1854, was. 
part of this phenomenon,* for even a very smalUdifierenoe of 
atmospheric pressure is sufScient tP raise a considerable wind. 
Since each oscillation lias its perfect effect independently of the 
others, each one is marked by a change in the barometer, and 
this is beautifully illustrated by curves constructed from a series 
of observations. The general form of the curve shows the coarse 
of the principal wave, while small undulations in its outline 
mark the maxima and minima of the minor oscillations. ^ 

The tmde-winds, which are the principal currents in the 
atmosphere, are. only a particular case of those very general 
laws which regulate the motion of the winds depending on the 
rarefaction of the air combined with the rotation of the dtrth on 
its axis. I'hey are permanent currents of wind between the 
tropics, blowing to the N.E. on the N, side of the hquator, 
and to the S.E. on the S. side. 

If currents of air come from the poles, it is clear that equili- 
hrium must he restored by counter-currents from the equator ; 
moreover, winds coming from the poles, where there is no rota- 
tion, to the equator, which revolves from W. to E. at the rate 
of 1000 miles an hour, miist of necessity move in a direction 
resulting from their own progressive motion and that of rota- 
tion ; hence, in blowing towards the equator the bias is to the 
E., and in blowing from it the bias is to the W. Thus as N. 
and S. winds from the poles blow along the surface from the 
tropics to the equator, in consequence of this composition of 
motions that from the N. becomes the N.E. trade-wind, and 
that from the S. thb S.E. trade-wind. Now. these winds bejbig 
in contrary directions cross at the equator, balance each other 
through about 6 degrees of latitude, and produce a belt of calms 
of that breadth encircling the globe, known as the calms of the 
eq^iator, or the Variables of seamen. The heat of the sun 
rarefies ^he air so much, that the trade-winds, after crossing at 
the^uator, ascend into the higher regions of the atmosphere, 
where that from the N. goes to the tropic of Capriconi, and 
* Sir John Herschel on Meteorology. 
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that from the S. to the tropic of Cancer/ But while travelling 
in these lofty regions they become cold and heavy, and, sinking 
to the surface at the tropics, each proceeds to the opposite pofe 
flom which it set out. Now, however,' they have a greater rota- 
tory motion than the places they successively arrive at, fib' the 
bias is to the W., and they become the N, W. and S.W. extra- 
tropical winds. 

If on arriving at the poles the air were to accumulate thei*e, 
the circulation of the winds would cease ; but currents rise into 
the upper regions, and flow back again to the tropics, where 
they sink down to fill the vacuum caused by the great precipita- 
tion of vapour in these regions, and then flow to the equator afi 
trade-winds (N. 177). So the currents of air cross again at 
the tropics and produce two belts If; fcalms which surround 
the globe, named by Lieutenant Marir^the Calms of Cancer 
and the Calms of Capricorn, but geUerallj^ know to sailors as 
the Doldrums. Thus the winds go from to pole and back 
again, alternately as under and upper currents. In their 
circuits the winds^ross each other flve times, producing regions 
of calms at the poles, the tropics, and equator. The trade-winds 
generally extend for about 28^ on each side of the equator, but; 
on account of the greater quantity of land in the northern hemi- 
sphere, the.N.E. trade-wind is narrower than the B.E. 

The sun is perpetually raising eiionnous quantities of vapour 
from the ocean which* the trade-winds carry to the equator : 
it is condensed when it rises with the air into the higher 
strata, and forms a ring of clouds along the southern side of the 
belt of equatorial calms that surrounds the earth, which, during 
the day, is per^tually pouring down toiTents of rain, while the 
sun continuall^eating upon its upper surface dissolves the clouds 
into invisible vapour which is carried by the winds and condensed 
into^ain on the cxtra-tropical redone. The whole system of 
trade-winds, equatorial and tropical calms, with the cloud ring, 
follow the sun in declination ; consequently in its journeys back 
and forwards it annually travels over 1000 miles of I'atitude, and 
regulates the dry and rainy season in the tropical parts of the 
earth. 

The monsoons^ which are periodic winds in the Indian Obeaii, 
in part depend upon this movement. For when the sun is in the 
northern hemisphere the trade-winds come nor^ward with him ; 
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tod when his intense Jieat expands the air over the Greftt^hi 
tod other arid Asiatic deserts, it aspends ; the N.B; trade-wind is 
drawn in to.SH the vacttum and ascends with it} then the 8.B. 
trade-wind, being no longer met and balanced by the N,E, trade, 
passes into the northern hemisphere, and as it proceeds north- 
ward from the equator it is deflected to the west by the rotation 
of the earth, combined with the indraught over the heated 
deserts, and becomes the S.W. monsoon, which blows while the 
sun is north of tlie equator, but as soon as he goes south, and ho 
longer rarefies the air over the Indian deserts, the S.E. trade- 
wind resumes its usual course, and is then known as the S.E. 
monsoon. The influence of the heated deserts is perceptible to 
the distance of 1000 miles from the shore ; the monsoons prevail 
with great steadiness over the Arabian Gulf, the Indian Ocean, 
and part of the China Sea. At the change, torrents of rain and 
violent thunderstorms accompany the cdnflict between the con- 
tending winds. 

The Sahara desert in North Africa, and those of Utah, Texas, 
and New Mexico, occasion the monsoons which prevail in the 
North Atlantic and on both sides of Central America, and the 
monsoons which blow to the north of Australia show the sterility 
of the interior, even if other proofs were wanting. Prom the 
powerful effect of the land in drawing off the winds from their 
course, it may be seen why the N.E. trade-winds are narrower 
than the S.E. trades. 

In the extra-tropical winds in the North Atlantic, which blow 
from the 40th parallel to the X)olc, the north-westerly are to the 
easterly as 2 to 1 : lipnce there would be an accumulation of air at 
the pole at the expense of the equator, did not a current rise at 
the pole and return to the equator through th^high regions of 
the atmosphere, which confirms the theory of the rotation of the 
wind. 

There are many proofs of the existence of the counter-currents 
above the trade-winds. On the Peak of Teneriffe the prevailing 
winds are from the west. Light clouds have frequently been seen 
moving rapidly from west to east at a very.great height above 
the trade-winds, which were sweeping along the surface of the 
ocean in a contrary direction. -Rains, clouds, and hearly all the 
other atmospheric phenomena, occur below the height of 18,000 
feet, and ^erally much nearer to the surface of the earth. 
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They are owing to currents of air running upon each other in 
horizontal strata, diiBfering in their electric state, in temperature 
And moisHure^ as well as in veioeiiy and diiectiout 
When north and south winds blow alternately^ the wind at 
any place will veer in one uniform direction through every point 
of the compass, provided the one begins .before the other has 
ceased. In the northern hemisphere a north wind sets out w‘ith 
a smaller degree of rotatory motion than the places have at which 
it successively arrives, consequently it passes through all the 
points of the compass from N. to N.E. and E. A current from 
the south, on the contrary, sets out with a greater rotatory 
velocity than the places have at wliich it successively arrives, so 
by the rotation of the earth it is deflected from S. to S.W. and W. 
Now, if the vane at any place should have veered from the N. 
through N.E. to E., and a south wind should spring up, it would 
combine its motion with the former and cause tlic vane to turn 
successively from the E. tt) S.E. and S. But by the earth’s rota- 
tion this south wind will veer to the S.W. and W., and, if a 
north wind should now arise, it would combine its motion with 
that of the west, and cause it to veer to the N.W. and N. Thus 
two alternations of north and south wind will cause the vane at 
any place to go completely round the compass, from N. to E., 

S., W., and N. again. At the Royal Observatory at Greenwich 
the wind accomplishes five circuits in that direction in the course 
of a year. When circumstances combine to produce alternate 
north and south winds in the southern hemisphere, the gyration 
is in the contrary direction. Although the gencial tendency of 
the wind may be rotatory, and is so in many instances, at least 
foe part of the year, yet it is so often counteracted by local cir- 
cumstances, that the winds are* in general very iivcgular, every* • 
disturtoce in atmospheric equilibrium from heat or any other 
cause producing a corresimding wind. The most prevalent winds 
in Europe are the N.E. and S.W. ; the former arises from the 
north polar current, and the latter from causes already mentioned. 
The law of the wind’s rotation was first described by Dr. Dalton, 
•but has been developed by Professor Dove, of Berlin. 

Hurricanes are those storms of wind in which the portion of 
the atmosphere that forms them revolves in a horizontal circuit 
round a vertical or somewhat inclined axis of rotation, while the 
axis itself, and consequently the whole storm, is carried forward . 
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along the surface of the globe, so that the direction in which the 
storm is advancing is quite different from the direction in which 
the rotatory current may be blowing at any point. In the West 
Indies, where hurricanes are frequent and destructive, they 
generally originate in the tropical regions near the inner boundary 
of the trade-winds, and arc caused by the Vertical ascent of a 
column of rarefied air, whose place is supjblied by a rash of wind 
from the surrounding regions, set into gyration by the rotation of 
the earth. By far the greater number of Atlantic, hurricanes 
havp begun eastward of the lesser Antilles or Caribbean Islands. 

In every case the axis of the storm moves in an elliptical or 
parabolic curve, having its vertex in or near the tropic of Cancer, 
which marks the external limit of the trade-winds north of the 
equator. As the motion before it reaches the tropic is in a 
straight line from S.E. to N.W., and after it has passed it froiq 
S.W. to N.E., the bend of the curve is turned i 
and the Carolinas. In the southern hemisphere 
storm moves in exactly the opposite direction, 
which pnginatc south of the equator, and whose fa 

from N.E. to S.W., bend round at the tropic of Cafpricorn, and 
then move frpm N.W. to S.K. . - 

The extent and velocity of thpse storms are great ; for instance, 
the hurrieanc that took place on the 12th of Augwt, 1830, 
was traced from eastward of the Caribbec Islands^lilotig the 
Gulf Stream, to the bank of Newfoundland, a dislaiice of more 
than 3000 miles, which it passed over in six' days. Although 
the hurricane of the 1st of September, 1821, was not so exten- 
sive, its velocity was greater, as it moved at the rate of 30 miles 
an hour : small storms are generally more rapid than those of 
•greater dimensions. , 

*The action of these storms seems to be at first confined^ to the 
stratum of air nearest the earth, and then they seldom appear to 
be more than a mile high, though sometimes they are raised 
higher ; or even divided by a- mountain into two separate storms, 
each of which continues its new path and gyrations with increased 
violence. This occurred in the gale of the 25th of December^ 
1821, in the Mediterranean, when the Spanish mountains and 
the Maritime Alps became new centres of motion. 

By the fiiction of the earth the axis of the storm bends a little 
forward. This causes a continual intermixture of the lower and 
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warmer atrafa of air with those that are higher and colder, | 3 ro* 
ducing torrents of rain and violent electric explosions. • « 

.The breadth of the whirlwmd is greatly augb^euted when the 
path of the storm changes on crossing the tropic. The vortex 
of a storm has covered an extent of the surface of the globe 600 
miles in diameter. 

The revolving motion accounts for the sudden and violent 
changes observed during hurricanes. In consequence of the 
rotation of the air, the wind blows in opposite directions on each, 
side of the axis of the storm, and the violence of the blast 
increases from the circumference towards the centre of gyration, 
but in the centre itself the air is in repose : hence, when the 
body of the storm passes over a place, the wind begins to blow 
moderately,- and increases to a hurricane as the centre of the 
whirlwind approaches; then, in a moment, a dead and awful 
calm succeeds, suddenly followed by a renewal of the storm in 
all its violence, but now blowing in a direction diametrically 
opposite to its former course. This happened at tlie Island of 
St. Thomas on the 2nd of August, 18R7, where the hurricane 
increased in violence till half-past seven in the morning, when 
iH^erfect stillness took place for forty minutes, after which the 
storm recommenced in a contrary directioi^. 

' The sudden fall of the mercury in the barometer in the regions 
habitually visited by hurricanes is a certain indication of a com- 
ing tempest. In consequence of the centrifugal force of these 
rotatory storms the air lxx:omes rarefied, and, as the atmosphere 
is disturbed to some distance beyond the actual circle of gyration 
or limits of the stoim, the barometer often, sinks some hours 
befdure its arrival, from the original cause of the rotatory dis- 
turbance. It continues sinking under the first half of the hur- 
ricane, is at a maximum sometimes of two inches in lift centre of 
gyration, and again rises during the passage of the latter half, 
though it does hot attain its greatest height till the storm is over.* 
The diminution jtf atmospheric pressure is greater and extends 
over a wider area in the tempemte zones than in the torrid, on 
account of the sudden expansion of the circle of rotation when 
the gale crosses the tropic. 

As the fall of the barometer gives warning of the approach of 
a harricane, bo the laws of the storm’s motion afford the sea- 
man knowledge to guide him in avoiding it. In the northern 
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temperate zone, if the gale begins from the S.E. and veers by S. 
•to W., the ship should steer to the S.E. ; but, if the gale begins 
from tlie N.E., and changes throiigh N. to N.W,, the vessel 
should go to the N.W. In the northern part of the torrid zone, 
if the storm begin from the N.E., and veer through E. to S.E., 
the ship should steer to the N.E. ; but, if it begin from the N.W., 
and^veer by W.. to S.W., the ship should steer to the S.W., 
1)ecause she is in the south-western side of the storm. Since the 
^laws of storms are reversed in the southern hemisphere, the rules 
for steering vessels are necessarily reversed also. A heavy swell 
is peculiarly characteristic, of these storms. In the open sea the 
swell often extends many leagues beyond the range of the gale 
which produced it. 

Waterspouts are occasioned by small whirlwinds, which always 
have their origin at a great distance from that part of the sea 
from wliich the spout begins to rise, where it is generally calm. 
The whirl is produced by two currents of air, which, ..running in 
opposite directions, compress one another by their impetus, so 
that they rise in spiral eddies to the clouds. They move slowly 
along the surface of the sea, sometimes in vertical, and some- 
times in twisted spirals, putting the sea into violent agitatlpp ad; 
.they pass, and carrying the water aloft hy the force of gytal|o]^ 
Occasionally the eddies begin in the clouds and dip (jowh to 
the sea. 
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SECTION XVI. 

Sound — Propagation of Sound illustrated by a Field of Standing Com — 
Nature of Waves — Propagation of Sound through the Atmosphere — 
Intensity — Noises — A Musical Sound — Quality — Pitch — Extent of 
Human Healing — Velocity of Sound in Air, Water, and Solids — 
Causes of the Obstruction of Sound — Law of ifcis Intensity — Keflection 
of Sound — Echoes — r Thunder — Refraction of Sound -i- Interference 
of Sounds, 

One of the moat important uses of the atmosphere is the con- 
veyance of sound. Without the air, deathlike silence would 
prevail through nature, for in common with all substances it has 
a tendency to impart vibrations to bodies in contact with it. 
Therefore Undulations received by the air, whether it be from 
a sudden impulse, such as an explosion or the vibrations of a 
musical chord, are propagated in every direction, and produce 
the sensation of sound iijxjn the auditory nerves. A bell rung 
under the exhausted receiver of an air-pump is inaudible, which 
shows that the atmosphere is really the medium of sound. In 
the small undulations of deep water in a calm, the vibrations of 
the liquid particles are made in the vertical plane, that is, up and 
down, or at right angles to the direction of the transmission of 
the waves. But the vibrations of the particles of air which 
produce sound differ from these, being performed in the same 
direction in which the wavfes of sound travel. The propagatio 
of sound has been illustrated by a field of corn agitated by the 
%vind. However irregular the motion of the com may seem on a 
superficial view, it will be found, if the velocity of the wind be 
constant, that the waves are all precisely similar and equal, 
and that all are separated by equal intervals and move in equal 
times. 

A sudden blast depresses each ear equally and successively in 
the direction of the wind, but, in consequence of the elasticity of 
the stalks and the force of the impulse, each ear not only rises 
again as sooir ad the pressure is removed, but hendi^ back nearly 
as much in the contrary direction, find then continues to oscillate 

G 3 
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Dackwards and forwards in equal times, like a pendulum, to a 
leas and leas extent, till the resistance of the air puts a stop to 
the motion. These vibrations are phe same for every individual 
ear of com. Yet, as their oscillations do not all conAience at 
the same time, but successively, the ears will diave a variety of 
positions at any one ii^taiit. Some of the advancing ears will 
meet others in their returning vibrations, and, as the times of 
pscillation are equal for all, they will be crowded together at 
regular intervals. Between these there will occur equal spaces 
where the ears will be few, in consequence of being bent in 
opposite directions ; and at other equal intervals they will be in 
their natural upright positions. So that over the whole field 
there will be a regular series of condensations and rarefactions 
among the ears of corn, separated by equal intervals, where they 
will be in their natural state of density. In consequence of these 
cliangcs the field will be marked by an ajji^niation of bright and 
dark bands. Thus the successive waves wliich fly over the corn 
with the speed of the wind are totally distinct from, fcd entirely 
independent of the extent of J;he oscillations of each individual 
^ar, though both take place in the same direction. The length .of 
a wave is equal to the si^ice l)etwceu two ears precisely in the 
same state of motion, or which arc moving similarly, and the 
time of the vibration of each car is equal to that which elaps(*s 
between the arrival of two successive waves at the same point. 
The only diflference between the undulations of p, corn-field and 
those of the air which produce sound is, that each ear of com is 
set in motion by an external cause, and is uninfluenced by the 
motion of the rest ; whereas in air, which is a compressible and 
elastic fluid, when one particle begins to oscillate, it communi- 
cates its vibrations to the surrounding particles, which transmit 
them to those adjacent, and so on continually. Hence from the 
successive vibrations of the particles of air the same regular 
condensations and rarefactions take place as in the field of com, 
producing waves throughout the whole mass of air, though each 
molecule like ejich individual car of com never moves far from its 
state of rest. The small waves of a liquid, and the undulations 
of the air, like waves in the corn, are evidently not real masses 
mo'dng in the direction in which they are advancing, but merely 
outlines, options, or forma passing along, and comprehending 
all the particles of an undulating fluid which are at once in a 
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vibratory state. It is thus that an impulse given to any one 
point of the atmosphere is successively propagated in all direc^ 
tioiiSf in a wave diverging as from the centre of a sphere to 
greater and greater distances, but with decreasing intensity, in 
consequence of the increasing number of particles of inert matter 
which the force has to move; like the waves formed in still 
water by a falling stone, which are propagated circularly all 
around the centra of disturbance (N. 160 ). 

The intensity of sound deixinds upon the violence and extent 
of the initial vibrations of air ; but, whatever they may be, each 
undulation when once formed can only bo transmitted straight 
forwards, and never returns back again unless when reflected by 
an opposing obstacle. The vibrations of the aenal molecules are 
always extremely small, whereas the waves of sound vary from a 
few inches to several feet. The various musical instruments, 
the human voice andihat of animals, the singing of birds, the 
hum of insects, the roar of the cataract, the whistling of the wind, 
and the ether nameless peculiarities of sound, show at once 
an infinite variety in the modes of aerial vibration, and the 
astonishing acuteness and delicacy of the ear, thus capable of 
appreciating the minutest difiercnces in the laws of molecular 
oscillation. 

All mere noises are occasioned by irregular impulses com- 
municated to the ear ; and, if they lx* short, sudden, and repeated 
beyond a certain degree of quickness, the ear loses the intervals 
of silence, and the sound appears continuous. Still such sounds 
will Ixj mere noise ; in order to produce a musical sound, the 
impulses, andf conse(piently the undulalions of the air, must be 
all exactly similar in duration and intensity, and must recur 
after exactly equal intervals of time. If a blow bo given to the 
nearest of a scries of broad, flat, and equidistant palisades, set 
edgewise in a line direct from the car, each palisade will repeat 
or echo the sound ; and these echoes, returning to the ear at 
successive equal intervals of time, will produce a musical note. 
The quality of a musical note depends upon the abiiiptness, and 
its intensity upon the violence and extent of the original impulse. 

In the theory of harmony the only property of sound taken into 
consideration is the pitch, which varies with the rapidity of the 
vibrations. The grave or low tones are produced ^ very slow 
vibrations, which increase in frequency as the pote becomes more 
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acute. The lowest man’s voice makes 396 vibiations in a second, 
whilst the highest woman’s voice makes 2112. Very deep tones 
are not heard by all alike, and Dr. Wollaston, who made a variety 
of experiments on the sense of hearing, found that many people, 
though not at all deaf, are quite insensible to the cry of the bat 
or the cricket, while to others it is painfully shrill. From his 
experiments he concluded that human hearing is limited to about 
nine octaves, extending from the lowest note of the organ to the 
highest known cry of insects ; and he observes with his usual 
originality that, “ as there is nothing in the nature of the atmos- 
])here to prevent the existence of vibrations incomparably more 
fveqiient than any of which we are conscious, we may imagine 
that animals like the Grylli, whose powers appear to commence 
nearly where ours terminate, may have the faculty of hearing 
still sharper sounds which we do not know to exist, and that 
there may be other insects hearing nothjpg in common with 
ns, but endovred with a power of exciting, and a sense which 
perceives vibrations, of the same nature indeed as those which 
constitute our ordinary sounds, but so remote that the animals 
which perceive them may be said to possess another sense, agreeing 
with our own solely in the medium by which it is excited,” 

M. Siivart, so well known for the number and beauty of his 
researches in acoustics, has proved that a high note of a given 
intensity, being heard by some ears and not by others, must not 
be attributed to its ])itch, but to its feebleness. His experiments, 
and those more recently made by Professor Wheatstone, show 
that, if the ]^ulses could be rendered sufficiently powerful, it 
would bo difficult to fix a limit to human hearing at either end 
of the scale. M. Savart had a wheel made about nine inches in 
diameter with 3G0 teeth set at equal distances round its rim, so 
that while in motion each tooth successively hit on a piece of 
card. The tone increased in pitch with the rapidity of the 
rotation, and was very pure when the numl)er of strokes did not 
exceed three or four thousand in a second, but beyond that it 
became feeble and indistinct. With a wheel of a larger size a 
much higher tone could be oblaiued, because, the teeth being 
wider apart, the blows were more intense and more separated 
from oqe another. With 720 teeth on a wheel thirty-two inches 
in diameter, the sound produced by 12,000 strokes in a second 
was audible, whicb corresponds to 24,000 vibrations of a musical 
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chord. So that the human ear can appreciate a sound which 
only lasts the 24,000th part of a second. This note was dis- 
tinctly heard by M. Savart^ and by several people who were 
present, which convinced him that with another apparatus still 
more acute sounds might be rendered audible. 

For the deep tones M.«Savart employed a bar of iron, two feet 
eight inches long, about two inches broad, and half an inch in 
thickness, which revolved about its centre as if its arms were the 
spokes of a wheel. When such a machine rotates, it impresses a 
motion on the air similar to its oaviI, and, when a thin* board or 
card is brought close to its exti*emities, the current of air is 
momentarily interrupted at the instant each arm of the bar 
passes before the card; it is compressed above the card and 
dilated below ; but the instant the spoke has passed a rush of air 
to restore equilibrium makes a kind of explosion, and, when these 
succeed each other ranklly, a musical note is produced of a pitch 
proportional to the velocity of the revolution. When M. Savart 
turned this bar slowly, a succession of single beats was heard ; 
as the velocity became greater, the sound was only a rattle ; but, 
as soon as it was sufficient to give eight beats in a second, a very 
deep musical note w^s distinctly audible corresponding to sixteen 
single vibrations in a second, which is the lowest that has hitherto 
been produced. When the velocity of the bar u as much increased, 
the intensity of the sound was hardly bearable. The spokes of 
a revolving wheel produce the sensation of sound, on the very 
same principle that a burning stick whirled round gives the 
impression of a luminous circle. The vibrations excited in the 
organ of heaflng by one beat have not ceased before another 
impulse is gi\en. Indeed it is indispensable that the impressions 
made upon the auditory nerves should encroach upon each other 
in order to produce a full and continued note. On the whole, 
M. Savart has come to the conclusion, that the most acute sounds 
would be heard with as much ease as those of a lower pitch, if 
the duration of the sensation produced by each pulse could be 
diminished proportionally to the augmentation of the number of 
pulses in /a given time: and on the contrary, if the duration 
of the sensation produced by each pulse oould be increased in 
proportion to their number in a given time, that Ulc deepest 
tones would be as audible as any of the others. 

The velocity of sound is uniform and independent of the 
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nature, extent, and intensity of the primitive disturbance. Con- 
sequently sounds of every quality and pitch travel with equal 
speed. The smallest difference in their velocity is incompatible 
cither with harmony or melody, for notes of different pitches and 
intensities, sounded together at a little distance, would arrive at 
the ear in different times. A rapid succession of notes would in 
this case produce confusion and discord. But, as the rapidity 
with which sound is transmitted depends upon the elasticity of 
the medium through which it has to pass, whatever tends to 
increase the elasticity of the air must also accelerate the motion 
of sound. On that account its velocity is greater in warm than 
in cold weather, supposing the pressure of the atmosphere con- 
stant. In dry air, at the freezing temperature, sound travels at 
the rate of 1090 feet in a second, and for any higher temperature 
one foot must he added for every degree of the thermometer 
above 32° ; hence at 62° of Fahrenheit its speed in a second is 
1120 feet, or 765 miles an hour, which is about three-fourths 
of the diurnal velocity of the earth’s equator. Since all the 
phenomena of the transmission of sound are simple consequences 
of the physical properties of the air, they have been predicted 
and computed rigorously by the laws of mechanics. It was 
found, however, that the Velocity of sound, determined by obsei>i 
vation, exceeded what it ought to have been theoreticall^tjbj|!' 
173 feet, or about one-sixth of the whole amount. Laflm 
suggested that this discrepancy might arise from the inMMwi 
elasticity of the air in consequence of a development of laitent or 
absorbed heat (N. 178) during the undulations of sound, and 
calculation continued the accuracy of his viewtf The aerial 
molecules being suddenly compressed give out their absorbed 
heat ; and, as air is too bad a conductor to carry it raxsdly off, 
it occasions a momentary and local rise of temperature, which, 
increasing the elasticity of the air without at the same time 
increasing its inertia, causes the movement to be propagated 
more rajndly. Analysis gives the true velocity of sound in terms 
of the elevation of temperature that a mass of air is capable of 
communicating to itself, by the disengagement of its own absorbed 
heat when suddenly compressed in a given ratio. This change 
of tempew^ture however could not be obtained directly by any 
experiments which had been made at that epoch ; but by inverting 
the problem, and assuming the velocity of sound as given by 
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experimeDt, it was computed Hbat the temperature of a mass of 
ait 18 raised nine-tenths of a* degree when the compression is 
equal to ils of its volume. 

Probably all liquids are elastic, though considerable force is 
required to compress them. Water suffers a condensation of 
nearly 0*0000496 for every atmosphere of pressure, and is con- 
sequently capable of conveying sound even more rapidly than 
air, the velocity in the former being 4708 feet in a second. A 
person under water hears sounds made in air feebly, but those 
produced in water very distinctly. According to the experi- 
ments of M. Colladon, the sound of a bell was conveyed under 
water through the Lake of Geneva to the distance of about nine 
miles. He also perceived that the progress of sound through 
water is greatly impeded by the interposition of any object, 
such as a projecting wall ; consequently sound under water re- 
sembles light in having a distinct shadow,. It has much less iii 
air, being transmitted all round buildings or olhcr obstacles, so 
as to be heard nn every direction, though often with a considerable 
diminution of intensity, as when a carriage turns the corner of 
a street. 

The velocity of sound in passing through solids is in propor- 
tion to their liardriess, and is much greater than in air or water. 

A sound which takes some time in travelling through the air 
[)ass6s almost instantaneously along a wire six hundred feet long ; 
consequently it is lieard twice — first as communicated by the 
Avire, and afterwards through the medium of tlic air. Tl\e 
facility with which the vibrations of sound arc transmitted ^ong 
the grain of a log of wood is well known. Indeed they pass 
through iron, glass, and some kinds of wood, at tlie rate of 
18,530 feet in a second. The velocity of sound is obstnicted by 
a variety of circumstances, sucK as falling snow, fog, rain, or any 
other cause which distiirbs the homogeneity of the medium 
through which it has to pass. M. dc Humboldt says that it is 
on account of the greater homogeneity of the atmosphere during 
tlic night that sounds are then better heard than during the day, 
when its density is^eri>etually changing from partial variations 
of temperature. His attention was called to this subject on the 
plain surrounding the Mission of the ^pures by the rushing noise 
of tho great cataracts of the Orinoco, which seemed to be three 
times as loud by night as by day. This he illustrated by ex- 
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periment. A tall glass half fall of champagne cannot be made 
to ring as long as the effervescence lasts. In order to produce a 
musical note, the glass together w^h the liquid it contains must 
vibrate in unison as a system, which it cannot do in consequence 
o.f the fixed air rising through the wine and disturbing its homo- 
geneity, because, the vibrations of the gas being much slower 
than those of the liquid, the velocity of the sound is perpetually 
interrupted. For the same reason the transmission of sound as 
well as light is impeded in passing through an atmosphere of 
variable density. Sir John Herschel, in his admirable Treatise 
on Sound, thus explaiiis the phenomenon : — “ It is obvious,” he 
says, “ that sound as well as light must be obstructed, stified, 
and dissipated from its original direction by the mi^rture of air 
of different temperatures, and consequently elasticities; and 
thus the same cause which produces that extreme transparency 
of the air at night, >yhich astronomers alone fully appreciate, 
renders it also more favourable to sound. Tliere is no doubt j 
however, that the universal and dead silence generally peeNi^ 
lent at night renders our auditory nerves sensible to impteM^hs 
which would otherwise escape hotic6. The^anal^ between 
sound and light is perfect in this as in so many othei^lt^cts. 
In the general light of day the stars disappear. In the con- 
tinual hum of voices, which is always going on by day, and 
which reach us from all quarters, and never leave the ear time 
to attain eomplete tranquillity, those feeble sounds which catch 
our attention at night make no impression. The ear, like the 
eye,. requires long and perfect I’epose to attain its utmost sen- 
sibility.” # 

Many instances may be brought in proof of the stretf^h aild 
clearness with which sound passes over the surface of water or 
ice. Lieutenant Forster was able to carry on a conversation 
across Port Bowen Harbour, when frozen, a distance of a mile 
and a half. 

The intensity of sound depends upon the extent of the excur- 
sions of the fluid molecules, on the energy of the transient con- 
densations and dilatations, and on the greater or less number of 
particles which i^pcrience these effects. We estimate that in- 
tensity by the impetus of these fluid- molecules on our organs, 
which is consequently as the square of the velocity, and not by 
their inertia, which is as the simple velocity. Were the latter 
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the case, there would be no sound, because the inertia of the 
receding waves of air would destroy the equal and opposite 
inertia of |hose advancing ; whence it may be concluded that the 
intensity of sound diminishes inversely as the square of the dis« 
tance from its origin. In a tube, however, the force of sound 
does not decay as in open air, unless perhaps by friction against 
the sides. M. Biot found, from a number of highly-interesting 
experiments made on the pipes of the aqueducts in Paris^ that a 
continued conversation could be carried on in the lowest possible 
whisper through a cylindrical lube about 3120 feet long, the 
time of transmission through that space being 2*79 seconds. In 
most cases sound diverges in all directions so as to occupy at 
any one time a spherical surface ; but Dr. Young has shown 
that there are exceptions, as, i^r example, when a flat surface 
vibrates only in one direction. Tlie sound is then most intense 
when the ear is at right angles to the surface, whereas it is 
scarcely auditle in a direction precisely perpendicular to its edge. 
In this case it is impossible that the whole of the surrounding 
air can be affected in the same manner, since the particles behind 
the sounding surface must be moving towards it whenever the 
particles before it are retreating. Hence in one half of the sur- 
rounding sphere of air its motions are retrograde, while in the 
other half they are direct; consequently, at the edges where 
these two portions meet, the motions of the air will neither be 
retrograde nor direct, and therefore it must be ’at rest. 

It appears, from theory as well as daily experience, that sound 
is capable of reflection from surfaces (N. 179) according to the 
same laws as light. Indeed any one who has observed the re- 
flection of the waves from a wall on the side of a river, after the 
passage of a steam-boat, will have a perfect idea of the reflection ^ 
of sound and of light. As every substance in nature is more or 
less elastic, it may be agitated according to its own law by the 
impulse of a mass of undulating air ; and reciprocally the surface 
by its reaction will communicate its undulations back again 
into the air. , Such reflections produce echoes ; and as a series of 
Jthem may take place between two or more o^tacles, each will 
cause an echo of the original sound, growing fflflter and fainter 
till it dies away; because sound, like light, U weakened by re- 
flection. Sliould the reflecting surface be concave towards a 
person, the sound will converge towards him with increased in- 
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tansify, which will be greater still if the surface be i^ph^ncala^d 
concentric with him. Undulations of sound diverging from one 
focus of an elliptical shell (N. 180) converge in the pthei* after 
reflection. Uonsequently a sound from the one will be heard in 
the other as if it were close to the ear. The rolling noise of 
thunder has been attributed to reverberation between different 
clouds, which may possibly be tlie case to a certain extent. Sir 
John Herschel is of opinion that an intensely prolonged peal is 
probably owing to a combination of sounds, because, the velocity 
of electricity being incomparably greater than that of sound, the 
thunder may be regarded as originating in every point of a flash 
of lightning at the same instant. The sound from tiie nearest 
point Will arrive first ; and if the flash i*un in a direct line from 
a person, the noise will come later and later from the remote 
poihts of its path in a continued roar. Should the direction of 
the dash be inclined, the succession of sounds will be more mpid 
and intense : and if the lightning describe a circulaf curve round 
a person, the sound will arrive from every point at the same 
instant with a stunning crash. In like manner the subterranean 
noises heard during earthquakes like distant thunder may arise 
from the consecutive arrival at the ear of undulations propagated 
at the same instant from nearer and more remote points ; or if 
they originate in the same point, the sound may come by different 
routes through strata of different densities. 

Sounds under water are heard very distinctly in the air imme- 
diately above ; but the intensity decays with great rapidity as 
the observer goes farther off, and is altogether inaudible at the 
distance of two or three hundred yards. So that waves of sound, 
like those of light, in passing from a dense to a rare medium, 
are not only refracted, but suffer total reflection at very oblique 
incidences (N. 189). 

The laws of interference extend also to sound. It is clear that 
two equal and similar musical strings will be in upison if they 
communicate the same number of vibrations to the air in the 
same time. But if two such strings be so nearly in unison that 
one performs a hundred vibrations in a second, and the other a 
hundred and one in the same period — during the first few vibra- 
tions the two resulting sounds will combine to form one of 
double the-intensity of either, because the aerial waves will sen-* 
sibly coincide in time and place ; but one will gradually gain 
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on the other till at the fiftieth vibration , it will be half an oscil- 
latiion in advance. Then the waves of air which produce the 
sound being sensibly equal/ but the receding part of the one 
coinciding with the ^vancing part of the other, they will destroy 
one another, and occasion an instant of silence. The sound will 
be renewed immediately after, and will gradually increase till 
the hundredth vibration, when the two waves will combine to 
produce a sound double the intensity of either. These intervals of 
silence and greatest intensity, called beats, will recur evciy 
second ; but if the notes differ much from one another, the alter- 
nations will resemble a rattle ; and if the strings be in perfect 
unison, there will he no beats, since there will be no interference. 
Thus by interference is meant the co-existence of two undula- 
tions in which the lengths of the waves are the same. And as 
the magnitude of an undulation may bo diminished by the addi- 
tion of aitother transnutted in the same direction, it follows that 
one undulation may Ife absolutely destroyed by another when 
waves of the same length are transmitted in the same direction, 

* provided that^the maxima of the^undulations are equal, and that 
one follows the other by half the length of wave. A tuning- 
fork affords a good example of interference. When that instru- 
ment vibrates, its two branches alternately recede from and 
approach one another ; each communicates its vibrations to the 
air, and a musical note is the consequence. If the fork be held 
upright about a foot from the ear, and turned round its axis 
while vibrating, at every quarter revolution tlie sound will< 
scarcely bo heard, while at the intermediate points it will be 
strong and clear. This phenomenon arises from the interference 
of the undulations of air coming from the two branches of the 
fork. When the two branches coincide, or •when they are at 
equal distances from the ear, the waves of air combine to rein- 
force each other ; but at the quadrants, where the tw^o branches 
are at uneq^l distances from the ear, the lengths of the waves 
differ by li5f an undulation, and consequently destroy one 
another. 
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Vibration of Musical Strings — Harmonic Sounds ^ Nodes — Vibration of 
Air in Wind-Instruments — Vibration of Solids — Vibrating Plates — • 
Bells Harmony — Sounding* Boaixis — Forced Vibrations — Resonance 

— Speaking Machines. 

When the particles of elastic bodies are suddenly disturbed by 
an impulse, they return to their natural position by a series of 
isochronous vibrations, whose rapidity, force, and permanency 
depend upon the elasticity, the form, and the, mode of aggrega- 
tion which unites the particles of the bo^. These oscillations 
are communicated to the air, and on account of its elasticity they 
excite alternate condensations and dilatations in the strata of the 
fluid nearest to the vibrating Body ; from thenpe •they are pro- 
pagated to a distance. A string or wire stretched between two 
pins, when drawn aside and suddenly let go, will vib||^.te till its 
own rigidity and the resistance of the air reduce it to rest. Tiiese 
oscillations may he rotatory, in every plane, or confined to;: ^ 
plane according as the motion is communicated. In the piano- 
forte, where the strings are stnick by a hammer at one extremity, 
the vibrations probably consist of a bulge running to and fro 
from end to end. Different modes of vibration may be obtained 
from the same sonorous body. Suppose a vibrating string to 
give the lowest C of the pianoforte which is the fundamental 
note of the string ; if it be lightly touched exactly in the middle, 
so as to retain that point at rest, each half will then vibrate twice 
as fast as the whole, but in opposite directions ; the ventral or 
bulging segments will be alternately above and belo^ilhe natural 
position of the string, and the resulting note will be the octave 
above C. When a point at a third of the length of the string is 
kept at rest, the vibrations will be three times as fast as those of 
the whole string, and will give the twelfth above C. When the 
point of rest is one-fourth of the whole, the oscillations will be 
four times as fast as those of the fundamental note^ and will give 
the double octave ; and so on. These acute sounds are called 
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the harmonics of the fundamental note. It is clear, from what 
lias been stated, that the st\*ing thus vibrating could not give 
these harmonics* spontaneously unless it divided itself at its 
aliquot parts into two, three, four, or more segments in opposite 
states of vibration separated by points actually at rest. In proof 
of this, pieces of paper placed on the string at the half, third, 
fourth, or other aliquot points, according to the corresponding 
harmonic sound, will remain on it during its* vibration, but will 
instantly fly off from any of the intejmediate points, ITie points 
of resc, called the nodal points of the string, are a mere conse- 
quence of the law of interferences ; for, if a rope' fastened at one 
end be moved to and fro at the (^her extremity so as to transmit 
a succession of equal waves along it, they will be successively 
reflected when they arrive at the other end of the rope by the 
fixed point, and in returning they will occasionally interfere with 
the advancing waves ; and, as these opposite undulations v^ll at 
certain points destroy one another, the point of the rope in which 
tiiis happens will remain at rest. Thus a series of nodes and 
ventral segments will be produced whose number will depend 
upon the tension and the frequency of the alternate motions com- 
municated to the moveable end. So, when a string fixed at 
both ends is put in motion by a sudden blow at any point of it, 
the primitive impulse divides itself into two pulses running 
opposite ways, which are each totally reflected at the extremities, 
and, running back again along the whole length, are again re- 
flected at the other ends. And thus they will continue to nm 
backwards and forwards, crossing one another at each traverse, 
and occasionally interfering, so as to produce nodes ; so that the 
motion of a string fastened at both ends consists of a wave or 
pulse continually doubled back on itself bv reflection at the fixed 
extremities. 

Harmonics generally co-exist with t'lie fundamental sound in 
the same <ibi-atiug body. If one of the lowest strings of the 
pianoforte be struck, an attentive ear will not only hear the 
fundamental note, but will detect all the others sounding along 
with it, though with less and less intensity as thfir pitch becomes 
higher. According to the law of co-existing undulations, the 
whole string and each of its aliquot parts are in different and 
independent states of vibWktion at the same time ; and as all the 
resulting notes are heard simultaneously, not only the air, but 
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the ear also, vibrates in unison with each at the same instant 

(N.isn. . ^ , 

Hamony consists in an agreeable combination of sounds. 
Wh^ two chords perform their vibrations in the same timc^ 
tl)i^ are in unison ; but, when their vibrations are so related as 
to have a common period, after a few oscillations they produce 
concord. Thus, when the vibrations of two strings bear a very 
simple relation to each other, as where one of them makes two, 
three, four, &c., vibrations ij the time the other makes one ; or, 
if it accomplished three, four, &c., vibrations while the other 
makes two, the result is a concord which is the more perfect the 
shorter the common period. In discords, on the contrary, the 
beats are distinctly audible, which produces a disagreeable and 
harsh effect, because the vibrations do not bear a simple relation 
to one another, as where one of two strings makes eight vibra- 
tion^while the other accomplishes fifteen. The pleasure afforded 
by harmony is attributed by Br. Young to the love of order, and 
to a predilection for a regular repetition of sensations natural to 
the human mind, which is gratified by tbe perfect regularity 
and rapid recurrence of the vibrations. The love of poetry and 
dancing he conceives to arise in some degree from the rhythm of* 
the one and the regularity of the motions in the other, .‘ i 

A blast of air passing over the open end of a tube, 119 'oVtr the 
reeds in Pan’s pipes ; over a hole in one side, as in the or 
through the aperture called a reed, with a flexible tongue, as in 
the clarinet, puts the internal column of aii^into longitudinal 
vibrations by the alternate condensations and rarefactions of its 
particles. At the same time the column s^Kintaneously divides 
itself into nodes, between which the air also vibrates longitudi- 
nally, but with a rapidity inversely proportional to the length of 
the divisions, giving the fundamental note or one of its har- 
monics. The nodes arc produced on the principle of interferences 
by the reflection of the longitudinal undulations of tJIair at the 
ends of the pipe, as in the musical string, only that in one case 
the undulations are longitudinal, and in thabther transverse. 

A pipe, eitbef open or shut at both ends, when sounded, 
vibrates entire, or divides itself spontax^usly into two, three, 
four, &c., segments separated by nodes. The whole column > 
gives the fundamental note by Wavei^r vibrations of the same 
length with the pipe. The first harmonic is produced waves 



SiSOTt XVII. 


VIBRATION. 


143 


half as long as the tube, the second harmonic by waves a third 
as long, and so on. The harmonic segments* in an open and 
shut pipe arfthe same in number, but differently placed. In a 
shut pipe the two ends are nodes, but in an open jnpe there is 
half a segment at each extremity, because the air at these points 
is neither rarefied nor condensed, being in contact with that 
which is external. If one of the ends of the open pipe be closed, 
its fundamental note will be an octave lower: the air will now 
divide itself into three, five, seven, «&c., segments ; and the wave 
producing its fundamental note will be twice as'long as the pipe, 
so that it will be doiibled back (N. 182). All tlicse notes may 
be produced separately by varying* the intensity of the blast. 
Blowing steadily and gently, the fundamental note will sound ; 
when the force of the blast is increased the note will all at onx:e 
start up an octave ; when the intensity of the wind is augmented 
the twelfth will be heard ; and, by continuing to increase the 
force of the blast, the other harmonics may be obtained, but no 
force of wind will produce a mote intermediate between these. 
The harmonics of a flute. may be obtained in tb4 manner, from 
the lowest 0 or D upwards, without altering the fingering,’ 
merely by increasing the intensity of the blast and altering the 
form of the lips. Pipes of the same dimensions, whether of lead, 
glass, or wood, give the same tone as to pitch under the same 
circumstances, which shows that the air alone jjroduces the 
sound. 

Metal springs fiastened at one end, when forcibly bent, endea- 
vour to return to rest by a series of vibi*ations, which give very 
pleasing tones, as in musical boxes. Various musical instruments 
liave been constructed, consisting of metallic springs thrown 
into vibration by a current of air. Among the most -perfect of 
these are Mr. Wheatstone’s Symphonion, Concertina, and .^olian 
Organ, instruments of different effects and capabilities, hut all 
possessing coisiderahle execution and expression. 

The Syren is an ingenious instrument, devised by M. Cagniard 
de la Tour, for ascertaining the number of pulsations in a second, 
corresponding to each pitch : the notes are produced by jets of 
air passing through small apertures, arranged at regular distances 
ija a circle on the side of a box, before which a disc revolves 
pierced with the same num®r of holes. During a revolution of 
the disc the currents are alternately intercepted and idlowed to 
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pass as many times as there are apertures in it, and a sound is 
produced whose pitch depends on the velocity of rotation. 

A glass or metallio rod, when struck at one end,*or rubbed in 
the direction of its length with a wet finger, vibrates longitudi* 
nally, like a column of air, by the alternate condensation and 
expansion of its constituent particles; producing a clear and 
beautiful musical note of a high pitch, on account of the rapidity 
with which these substances transmit sound. Rods, siirfaces, 
and, in general, all undulating bodies, resolve themselves into 
nodes. But in surfaces the parts which remain at rest during 
their vibrations are lines which are curved or piano according to 
the substance, its form, and the mode of vibration. If a little 
fine dry sand be strewed over the surface of a plate of glass or 
iqetal, and if undulations be excited by drawing the bow of a 
violin across its edge, it will emit a musical sound, and the sand 
will immediately arrange itself in the nodal lines, where alone it 
will accumulate and remain at rest, because the segments of the 
surface on -each side will be in different states of vibration, the 
one being elevated while the other is depressed ; and. ^hese 
two motions meet in the nodal lines, they neutralise, on^^th^ir? 
These lines vary in form and position with the part wn^Vtho 
bow is drawn across, and the point by which the plate is held. 
The motion of the sand shows in what direction the vibrations 
take place. If they be perpendicular to the surface, the sand 
will be violently tossed up and down till it finds the points of 
rest. If they be tangential, the sand will , oidy creep a.long the 
surface to the nodal lines. Sometimes the undulations are 
oblique, or compounded of both the preceding. If a bow be 
drawn across one of the angles of a square plate of glass or metal 
held firmly by the centre, the sand will arrange itself in 'two 
straight lines parallel to the sides of the plate, and crossing in 
the centre so as to divide it into four equal squares, whose 
motions will he contrary to each other. Two o^the diagonal 
squares wiU make their excursions on one side of the plate, while 
the other two make their vibratjpns on the other side of it. This 
mode of vibration produces the lowest tone of the plate (N. 183). 
Jt the plate be still held by the centre, and the bow applied to 
the middle of one of the sides, the vibrations will he more rapid, 
and the tone will be a fifth higher in the preceding case : 
now the sand xifiUfirrimge itself to comer, and will 
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divide the plate into four equal triangles, each pair of which will 
make their excursions on opposite sides of the plate. The nodal 
lines and pitch vary not only with the point where the how is 
applied, but with the point by which the plate is held, which 
being at rest necessarily determines the direction of one of the . 
quiescent lines. The forms assumed ►by the sand in square 
plates are very numerous, corresponding to all the various modes 
of vibration. The lines in circular plates are even more remark* 
able for their symmetry, and upox^ them the forms assumed by 
the sand may be biassed in three systems. The first is the dia* 
metricid system, in which the figures consist of diameters dividing 
the circumference of the plate into equal parts, each of which is 
in a different state of vibration from those adjacent. Two dia* 
meters, for example, crossing at right angles, divide the circum- 
ference into four equal parts ; three diameters divide it into six 
equal parts ; four divide it into eight, and so on. In a metallic 
plate, these divisions may amount to thirty-six or forty. The 
next is the concentric system, where the sand arranges itself in 
circles) having the same centre with the plate ; and the third is 
the compound system, where the figures assumed by the sand 
are compounded of the other two, producing very oompKcated 
and beautiful forms. Galileo seems to have been the first to 
notice the points of rest and motion in the sounding-board of a 
musical instrument ; but to Chladni is due the whole discovery 
of the symmetrical forms of the nodal lines in vibrating plates 
(N. 184). Professor Wheatstone has shown, in a paper read 
before the Boyal Society in 1833, that all Chladni’s figures, and 
indeed all the nodal figures of vibrating surfaces, result from 
very simple modes of vibration oscillating isochronously, and 
superposed upon each other ; the resulting figure varying with 
the component modes of vibration, the number of the super- 
positions, and the angles at which they are superposed. For 
example, if a square plate be vibrating so as to make the sand 
arrange itself in strai^t lines parallel to one side of the plate, 
and if, in addition to Hhis, such vibrations be excited as would 
have caused the sand to form' in lines perpendicular to the first 
had the plate been at *rest, the combined vibrations will make 
the sand form in lines from comer to comer (N. 186). 

M. SavarPs experiment^n the vibrations of fiat glass rulers 
are highly interesting. Let a lamina of glass 27‘"'56 long, 0*59 
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of an inch broad, and 0*06 of m inch in thickness, he held by 
the edges in the middle, with its Bat surface horizontal. If this 
sijtrface be strewed with sand, and set in longitudinal vibration 
■t)y rubbing its under surface with a wet cloth, the sand on the 
tipper surface will arrange itself in lines parallel to the ends of 
the lamina, always in one or other of two systems (N. 186). 
Although the same one of the two systems will always be pro- 
duced by the same plate of glass, yet among different plates of 
the preceding dimensions, evgn though cut from the same sheet, 
side by side, one will invariably exhibit one ‘system, and the 
other the other, without any visible reason for the difference. 
Now, if the positions of these quiescent lines be marked on the 
upper surface, and if the plate be turned so that the lower surface 
becomes the upper one, the sand being strewed, and vibrations 
excited as before, the nodal lines will still be parallel to the ends 
of the lamina, but their positions will be intermediate between 
those of the upper surface (N. 187). Thus it appears that all 
the motions of one half of the thickness of the lamina, or ruler, 
are exactly contrary to those of the corresponding points of the 
other half. If the thickness of the lamina be increased, the 
other dimensions remaining the same, the sound will not vary, 
but the number of nodal lines will be less. When the breadth 
of the lamina exceeds the 0*6 of an inch, the nodal lines become 
curved, and are different on the two surfaces. A great variety 
of forms arc produced by increasing the breadth and changing 
the form of the surface ; but in all it appears that the motions 
in one half of the thickness arc opposed to those in the other 
half. 

M. Savart also found, by placing small paper rings round a 
cylindrical tube or rod, so as to rest upon it at one point only, 
that, when the tu]}e or rod is continually turned on its axis in 
the same direction, the rings slide along during the vibrations, 
till they come to a quiescent point, where they rest. By tracing 
these nodal lines he discovered that they twist in a spiral or 
corkscrew round rods and cylinders, making one or more turns 
according to the length ; hut at certain points, varying in number 
according to the mode of vibration of the rod, tbe screw stops, 
and' recommences on the other side, though it is turned in a 
couinpry direction; that is, on on<^ side it is a right-handed 
screwi^ oh the other a left (N. 188). The nodal lines in the 
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interior surface of the tube ate perfectly similar to those in the 
exterior, hut they occupy iiftermediate positions. If . a small 
ivory ball be put within the tube, it mil follow these nodal lines 
when the tube is made to revolve on its axis. 

All solids which ring when struck, such as bells, drinking 
glasses, gongs, ^c., have their shape momentarily and forcibly 
changed by the blow, and from their elasticity, or tendency to 
resume their natural form, a series of undulations take place, 
owing to the alternate condensations and rarefactions of the 
particles of solid matter. . These have also their harmonic tones, 
and consequently nodes. Indeed, generally, when a rigid system 
of any form whatever vibrates either transversely or longitudin- 
ally, it divides itself into a certain* number of parts which per- 
form their vibrations without disturbing one another. -These 
;^rts are at every instant in alternate states of undulatioh ; and, 
>'|i|:;the points or lines where they join partake of both, they 
remain at rest, because the opposing motions destroy one 
another. 

The air, notwithstanding its rarity, is capable of transmitting 
its undulations when in contact with a body susceptible of 
admitting and exciting them. It is thus that sympathetic undu- 
lations are excited by a body vibrating near insulated tended 
strings, capable of following "its undulations, either by vibrating 
entire, or by separating themselves into their harmonic divi- 
sions. If two chords equally stretched, of which one is twice or 
three times longer tlian the other, be placed side by side, and if 
the shorter be sounded, its vibrations will be communicated by 
the air to the other, which will be thrown into such a state of- 
vibration that it wilf be spontaneously divided into segments 
equal in length to the shorter string. When a tuning-fork 
receives a blow and is made to rest upon a piano-forte during its 
vibration, every string which, either by its natural length or by 
its spontaneous subdivisions, is capable of executing correspond- 
ing vibrations, responds in a sympathetic note. The same effect 
will be produced by the stroke of a bell near a piano, or harp. 
Some one or other of the notes of an organ are generally in 
unison with one of the panes or with the whole sash of a window, 
which consequently resounds when those notes are sounded. A ; 
pesd of thunder has frequently the same effect. The sound of 
yery lafge organ-pipes is generally inaudible till the air be set in 
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motion by the undulations of some of the superior accords, and 
then the sound becomesf extremely energetic. Recurring vibri- 
tions occasionally influence each otheris periods. For example, 
two adjacent organ<^pipes nearly in unison may force them^lyes 
into concord ; and two clocks, whose rates differed considerably 
when separate, have been known to beat together when fiied to 
fhe same wall, and one clock has forced the pendulum bf another 
into motion, when merely standing on the same stone panrement. 
These forced oscillations, which correspond in their periods with^ 
those of the exciting cause, are to be trac^ in evejry department 
of physical science. Several instances of theia have already 
occurred in this work. Such are the tides, which follow the 
sun and moon in all their motions and periods. The nutation 
of the^arth’s axis aliSo, which corresponds with the period, and 
represents the motion of the nodes of the moon, is again re- 
flected back to the moon, and may be traced, in the nut^lkn of 
the lunar orbit. And, lastly, the acceleration of the moon’s 
mean motion represents the action of the planets on the earth 
reflected by the sun to the moon. 

* In consequence of the facility with which the air communicates 
undulations, all the phenomena of vibrating plates may be ex- 
hibited by sand strewed on paper or parchment, stretched over 
a harmonica glass or large bell-shaped tumbler.^ In order to 
give due tension to the paper or vellum, it mliSt be wetted, 
stretched over the glass, gummed round the edges, allowed to 
dry, and varnished over, to prevent changes in its tension from 
the humidity of the atmosphere. If a circular disc of glass be 
^held concentrically over this apparatus, with its plane parallel to 
the surface of the paper, and set in vibration by drawing a bow 
across its edge, so as to make sand on its surface take any of 
Chladni’s figures, the sand on the paper will assume the very 
same form, in consequence of the vibrations of the disc being 
communicated to the paper by the air. When the disc is re- 
moved slowly in a horizontal direction, the forms on the paper 
will correspond with those on the disc, till the distance is too 
great for the air to convey the vibrations. If the disc while 
vibrating be gradually more and more inclined to the horizon, 
the figures on the paper will vary by degrees; and, when the 
vibrating disc is ^rpendicular to the horizon, the sand on the 
paper will form into straight lines parallel to the surface of the 
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disc, by creeping along it instead of dancing up and down. If 
the iiLsc he made to turti round its verticabdiamcter while vibrat- 
ing, the nodal lines oh the paper will revolve, and exactly follow 
the moticm of the disc. It appears, from this experiment, that 
the motions of the aSrial molecules in every part of a spherical 
wave, propagated from a vibrating body as a centre, are "parallel 
to each other, and‘ not divergent like the , radii of a circle. When 
a slow air is played on a flute near this apparatus, each note calls 
up a particular form in the sand, which the next note effaces, to 
establish its own. Tlie motion of the sand will even detect 
sounds that ate inaudible. By the vibrations of sand on a drum- 
h)^ the besieged have discovered the' direction in which a 
counter-mine was working.^^- M. Savart, who made these beauti- 
ful experiments, employed ibtife apparatus to discover nodal lines 
in masses of air. He found that the air of a room, when thrown 
into undulations by the continued sound of an organ-pipe, or by 
any other means, divides itself into masses separated by nodal 
curves pf double curvature, such as spirals, on each side of 
which the air is in opposite states of vibration. He even traced 
these quiescent lines going out at an open window, and for a 
considerable distance in the open air. The sand is violently 
agitated where tlie undulations of the air Bfe greatest, and re- 
mains at rest in the nodal lines. M. Savart observed, that when 
he moved his head away from a quiescent line towards the right 
the sound appeared to come from the right, and when he moved 
it towards the left the sound seemed to come from the left, 
because the molecules of air are in different states of motion 
on each side of the quiescent line. 

A musical string gives a very feeble sound when vibrating 
alone, on account of the small quantity of aiif ’-set in motion ; 
but when attached to a sounding^-boai d, as in the harp and piano- 
forte, it communicates its undulations to that surface, and from 
thence to every part of the instrument ; so tha^the whole system 
vilyates isochronously, and by exposing an extensive undulating 
surface, which transmits its undulations to a great mass of air, 
the sound is much reinforced. The intensity is greatest when 
the vibrations of the string or sounding body are perfiendicular 
to the sounding-board, and least when they are in the same 
plane with it. The sounding-board of the piano-forte is better 
disposed than that of any other stringed instrument, because the 
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hammers strike the strings so as to make them vibrate at right 
angles to it. In the guitar, on the contrary^ they are struck 
obliquely, which renders the tone*feeble, unless when the sides, 
which also act as a sounding-board, are deep. It is evident that 
the sounding-board and the whole instrument are agitated at ohoe 
by all the superposed vibrations excited by the simultaneous or 
consecutive notes that are sounded, each having its perfect effect 
independently of the rest. A sounding-board not only reoipro* 
cates the different degrees of pitch, but all the nameless qualities 
of tone. This has been beautifully illustrated by Professor 
Wheatstone in a series of experiments on tht^ /transmission 
tlirough solid conductors of musical performances, from the 
harp, piano, violin, clarinet, &c. He fotmd that all the varieties 
of pitch, quality, and intensity are perfectly transmitted with 
their relative gradations, and may be communicated, through 
conducting wires or rods of very considerable length, to a pro- 
perly disposed ^sounding-board in a distant apartnient. , Thb 
sounds of an entird orchestra may be transmitted and*rec^»K>cated 
by connecting one end of a metallic rod with a sounding-board 
near the orchestra, so placed as to resound to all the 
and the other end with the sounding-board of a harp, pimipr 
guitar, in a remote^ apartment. Professor Wheatstone observes, 

The effect of this experiment is very pleasing ; the sounds, 
indeed, have so little intensity as scajrcely to be heard at a dis- 
tance from the reciprocating instrument ; but, on placing the ear 
close to it, a diminutive band is heard in which all the instru- 
ments preserve their distinctive qualities, and the pianos and 
fortes, the crescendos and diminuendos, their relative contrasts. 
Compared with an ordinary band heard at a distance through 
the air, the effect is as a landscape seen in miniature beauty 
through a concave lens, compared with the same scene viewed 
by ordinary vision through a murky atmosphere.” 

Every one is^aware of the reinforcement of sound by the 
resonance of cavities. When singing or speaking near the Sjper- 
ture of a wide-mouthed vessel, the intensity of some one note in 
unison with the air in the cavity is often augmented to a great 
degree. ^Any vessel will resound if a body vibrating the natural 
note of the cavity be placed opposite to its orifice, and be large 
enough to cover it, or at least to set a large portion of the 
adjacent air in motion. For the sound will be alternately re- 
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fleeted by the bottom of the cavity and the undulating body at 
its mouth. The first impulse of the undulating substanoe will 
be reflected by the bottom of the cavity, and then by the un- 
dulating body, in time to combine with ^e second new impulse. 
This reinforced sound will also be twice reflected in time to con- 
spire vrith the third new impulse; and, as the same process will 
be repeated on every new Impnliw, each will combine with all 
its echoes to reinforce the sound prodigiously. Professor Wheat- 
stone, to whose ingenuity we ate indebted for so much* new and 
valuable information on the theory of sound, has given some 
very Btrikin^nstances of resonance. If one of the branches of 
a vibrating tuning-fork be brought near the etnhouchure of a 
flute, the lateral apertures of which are stopped so as to render 
it capable of producing the same sound as the fork, the feeble 
and scarcely audible sound of the fork will be augmented by the 
rich resonance of the column of air within the flute, and the tone 
will be full and clear. The sound will be found gi'eatly to 
decrease by closing or opening another ^pertuic ; for the altera- 
tion in the length of the column of air renders it no longer fit 
perfectly to reciprocate the sound of the fork. This experiment 
'may be made on a concert flute with a C tuning-fork. But 
Professor Wheatstone observes, that in this case it is generally 
necessary to finger the flute for B, because, when blown into 
with the mouth, the undei>lip partly covers the embouchure, 
which renders the sound about a semitone flatter than it would 
be were the. embouchure entirely uncovered. He has also shown, 
by the following experiment, that any one among several simul- 
taneous sounds may be rendered separately audible. If two 
bottles be selected, and tuned by filling them with such a quantity 
of water as will render them unisoiiant with two tuning-forks 
which difler in pitch, on bringing both of the vibrating tuning- 
«forks to the mouth of each bottle alternately, in each case that 
sound only will.be heard which is reciprocated by the unisonant 
bottle. ♦ ^ 

Several attempts have been made tp imitate the articulation 
of the letters of the alphabet. About the year 1779, MM. Krat- 
zenstein of St. Petersburg, and Eempelcn of Yienna, constructed 
instruments which articulated many letters, words, and even 
sentences. Mr. Willis of Cambridge has adapted cylindrical 
tubes to a reed, whose length can be varied at pleasure by sliding 
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joints. Upon drawing out a tube while a column of air from the 
bellows of an organ is passing through i^ the vowels are pro- 
nounced in the order, «, e, a, o, u, *On extending the tube, they 
are repeated after a certain interval, in the Inverted order, 
0, a, 6 , i. After another interval they are again obtained in 
the direct order, and so on. When the pitch of the reed is veiy 
high, it is impossible to sound some of .the vowels, which is in 
perfect correspondence with the human voice, female sipgers 
being umblc to pronounce u and o in tflbir hi^ notes. From 
the singular discoveries of M. Savart on the nature of the 
human voice, and the, investigations of Mr. Willigt on the me- 
chanism of the larynx, it may be presumed that ultimately the 
utterance or pronunciation of modem languages will be conveyed, 
not only to the eye, but also to the ear of posterity. Had the 
ancients possessed the means of transmitting such definite sounds, 
the civilised world would still have responded in sympathetic 
notes at the distance of many ages. 
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SECTION XTIII. 

' Refrsustion Astronomical Refhuitioii and its Laws — Formation of Tables 
of Refraction — Terrestrial Refraction — Its Quantity — Instances of 
extraordinary Refraction r— Reflection — Instances of extraordinary Re- 
jection — Loss of Light by the Absorbing Power of the Atmosphere — 
Apparenf Magnitude of Son and Moon in Sie Horizon. 

Not only everything we hear but all we see is through the 
medium of the atmosphere. Without some knowledge of its 
action upon light, it would be impossible to ascertain ^e posi- 
tion of the heavenly bodies, or even to determine the exact place 
of vSry distant pbjects upon the surface of the earth y for, in 
consequence of the refractive power of the air, no distant object 
is seen in its true position. 

All the celestial bodies appear to be more elevated than they 
really are ; l)ecau8o the rays of light, instead of moving through 
the atmosphere in straight lines, are continually inflected towards 
the earth. Light passing obliquely out of a rare into a denser 
medium, as from vacuum into air, or from air into water, is bent 
or refracted from its course towards a perpendicular to that point 
of the denser surface where the light enters it (N. 189 J. In the 
same medium, the sine of the angle contained between the in- 
cident ray and the perpendicular is in a constant ratio to 
the sine of the angle contained by the refracted ray and the 
same perpendicular ; but tips ratio varies with the refracting 
medium. The denser the medium, the more the ray is bent. 
The barometer shows that the density of the atmosphere de- 
creases as the height above the earth increases. Direct experi- 
ments prove that the refractive power of the air increases with 
its density. It follows therefore that, if the . temperature be 
uniform, the refractive power of the air is greatest at the earth’s 
surface, and diminishes upwards. 

* A ray of light from a celestial object falling*obliquely on this 
variable atmosphere, instead of being refracted at once from its 
course, is gradually more and more bent during its passage 
through it so as to move in a vertical curved line, in the same 
• H 3 ^ 
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manner as if the atmosphere consisted of eh infinite number of 
strata of different densities, object is se^ in the ^inction 
of a tangent to that part of the onrre which meets the ^e ; 
sequently the apparent altitude (N. 190) of the heavenly bodies 
is always greater than their true altitude. Owing to cir* 
cumstance^ the stars are seen above the horizon after they are 
set, and the day is lengthened from a part of the sutt being, 
visible, though he really is behind the rotundity of the earth* 
It would he easy to determine the direction of a ray cff light 
through the atmosphere if the law of the density were kfipwn ; , 
but, as this law is perpetually varying with the temperature, 
the case is very complicated. When rays pass perpendicularly 
from one medium into another, they are not bent; and ex- 
perience shows, that in the same su^aoe, though the sines of 
the apgles of incidence and refraction retain the same 
the refraction increases with me obliquity qf incidenc#^^}?; 
189). Hencfs it appears tha^be refraction is greatest at the 
horizon, and at the zenithjff^here is none. But it is proved 
that, at all heights degrees, refraction varies nearly 

as the tangent of tl^^ffWgular distance of the object from the 
zenith, and wholly^depends upon the heights of the bammeter 
and thermometer. For the quantity of refraction at the same 
distance from the zenith varies nearly as the height of the baro- 
meter, the temperature being constant ; and the effect of the 
variation* of temperature is to dimmish the quantity of refraction 
by about its 480th part for every degree in 4he rise of Fahren- 
heit’s thcrm 9 meter. Not much reliance can he placed on celestial 
observations, within less than ten or twelve degrees of the horizon, 
on accouut of irregular variations ip the density of the air near 
the surface of the earth, which are sometimes the cause of very 
singular phenomena; The humidity of the air produces no sen- 
sible effect on its refractive power ; and it has l^en proved that 
the amount of refraction is the same whatever be the velocity of 
the incident light, that is whether the light comes from a star in 
that part of the heavens towards which the earth is going, or 
from one in that part of the sky whence it is receding. • 

• Bodies, whether luminous or not, are only visible by the rays' 
which proceed from them. As the rays must jiass through strata 
of different densities in coming to us, it follows that, with tho 
exception of stars in the zenith, no object either in or beyond our 



Sect, XVIIi, TEBBESTBIAL EEFBACTION. 


165 


atmosphere is seen m its true place. But deyiation is so 
s ma l l in ordinary cases that it causes no inconvenienoe^ though 
in astronomical and trigonometricsd observations due allowance 
must be made for the effects of redaction. Dr. Bradley’s tables 
of refraction were formed \iy observing the zenith distances of 
the sun at his greatest declinations^ and the zenith distances of 
Ae pole-star above and below tjie pole. .The sum of these four 
quantities is equal to 180^, diminished by the sum of the four 
refractions, whence the sum of the four refractions was obtained ; 
and, from the law of the variation of refraction determined by 
theory, he assigned the quantity due to each altitude (N. 191). 
The mean horizontal refraction is about '^5' 6", and at tbo height 
of forty-five degrees it is 58"-36, The effect of refraction upon 
the same star above and below the pole was noticed by Alhazen, 
a S^acen astronomer of Spain, in the ninth century; but its 
exhttmce^was known to Ptolemy in the second, though he was 
ignorant of its quantity. 

The refraction of a terrestrial object is estimated differently 
from that of a celestial body. It measured by the angle con- 
tained between the tangent to the curvilineal path of the ray 
where it meets the eye, and the straight line joining the eye and 
the object (N. 192). Near the earth’s surface the path of the 
ray may be supposed to be circular ; and the angle at the centre 
bf the earth corresponding to this path is called the horizontal 
angle. The quantity of terrestrial refraction is obtained by 
measuring contemporaneously the elevation of tlie top of a moun- 
tain above a point in the plain at its base, and the depression of 
that point below the top of the mountain. The distance between 
these two stations is the chord of the horizontal angle ; and it is 
easy to prove that double the refraction is equal to the horizontal 
angle, increased by the difference between the apparent elevation 
and the ax)parent depression. Whence it appears that, in the 
mean state of the atmosphere, the refraction is about the four- 
teenth part of the horizontal angle. 

Some very singular ap|Xiarances occur from the accidental 
expansion or condensation of the strata of the atmosphere con- 
tiguous to the surface of the earth, by which distant objects, 
instead of being elevated, are depressed. Sometimes, being at 
once both elevated and depressed, they appear double, one of the 
images being direct, and the other inverted. In consequence of 
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the upper edges of the sun and moon being less refracted than 
the Iower» they often appear to be oval when near the horizon. 
The looming also or elevation of ooasts, mountains, and ships, 
when viewed across the sea, arises from unusual refraction. A 
friend of the author’s, while standing on the plains of Hindostan, 
saw the whole upper chain of the Himalaya Mountains start into 
view, from a sudden change in ^e density of the air, occasioned 
by a heavy shoWer after a very long course of dry and hot 
weather. Single and double images of objects at sea, arising 
from sudden changes of temperature which are not so soon com* 
municated to the water on account of its density as to the air, 
occur more rarely and are of shorter duration than similar 
appearances on land. In 1818 Captain Scoresby, whoso obser« 
vations on the phenomena of the polar seas are so valuable, re- 
cognised his father’s ship by its inverted image in the air, although 
the vessel itself was below the norizon. He afterwards found 
that she was seventeen miles beyond the horizon, and thirty 
miles distant. Two images are sometimes seen suspended in the 
air over a ship, one direct and the other inverted, with their top- 
masts or their hulls meeting, according as the inverted image is 
above or below the direct image (N. 193), Dr. Wollaston has 
proved that these appearances are owing to the refraction of the 
rays through media of different densities, by the very simple 
experiment of looking along a red-hot poker at a distant object. 
Two images are seen, one direct and another inverted, in con- 
sequence of the chan^ induced Hy the heat in the density of 
the adjacent air. He produced the same effect by a saline or 
saccharine solution with water and spirit of wine floating upon 
it (N. 194). 

Many of the phenomena that have been ascribed to extra- 
ordinary refraction seem to be occasioned by a partial or total 
reflection of the rays of light at the surfaces of strata of diflerent 
densities (N. 189). It is well known that, when light falls 
obliquely upon the external surface of a transparent medium, as 
on a plate of glass or a stratum of air, one portion^ reflected 
and the other transmitted. But, when light falls V6q||||iquely 
upon the internal surface, the whole is reflected, and nolw^y is 
transmitted. In all cases the angles made by the incident and 
reflected rays with a perpendicular to the surface being equ|^. 
as the brightness of the reflected image depends on the quant^ 
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of light, those arising from total reflection must be bj far the 
moat vivid. The delusive appeartrance of^ water, so well known 
to African travellers and to the Arab of the desert as the Lake 
of the Gazelles, is ascribed to the reflection which takes place 
between strata of air of diJBferent densities, owing to radiation of 
heat from the arid sandy plains. The mirage described by Cap- 
tain Mundy in his Journal of a Tour in India probably arises 
from this cause. “ A deep precipitous valley below us, at the 
bottom of which I had seen one or two miserable villages in the • 
morning, bore in the evening a complete resemblance to a 
beautiful lake ; the vapour which played the part of water as- 
cending nearly half way up the sides of the vale, and on its 
bright surface trees and- rocks being distinctly reflected. *1 had 
not been long contemplating this phenomenon, before a sudden 
storm came on and dropped a curtain of clouds over the scene.” 

An occurrence which happened on the l&th of November, 
1804, was probably produced by reflection. Dr, Buchan, while 
watching the rising sun from the cliff about a mile to the east of 
Brighton, at the instant the solar disc emerged from the surface 
of the ocean, saw the cliff on which he was standing, a windmill, 
his own figure and that of a friend, depicted immediately oppo- 
site 'to him on the sea. This appearance lasted about ten 
minutes, till the *sun had risen nearly^ his own diameter above 
the surface of the waves. The whole then seemed to be elevated 
into the air, and successively vanished. The rays of the sun 
fell upon the cliff at an incidence of 73® from the perpendicular, 
and the sea was covered with a dense fog many yards in height, 

’ which gradually receded before the rising sun. When extra- 
ordinary refraction takes place laterally, the strata of variable 
'density are perpendicular to the horizon, and, if combined with 
vertical refraction, the objects are magnified as when seen through 
a telescope. From this cause, on the 26th of July, 1798, the 
cliffs of France, fifty miles off, were seen as distinctly from Hast- 
ings as if they had bc^en close at hand; and even Dieppe was 
said to have b^n visible in the afternoon. 

The stratum of air in the horizon is so much thicker and more 
dense than the stratum in the vertical, that the sun’s light is 
diminished 1300 times in passing through it, which enables us 
to look at him when setting without being dazzled. The loss of 
light, and consequently of heat, by the absorbing power of the 
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atmosphere, increases with the obliquity of incidence. Of ten 
thousand rays falling on its surface, 8123 arrive. at a given point 
of the earth if they fall perpendicularly; 7024 arrive if the angle 
of direction be fifty degrees ; 2831, if it be seven degrees ; and 
only five rays will arrive throu^ a horizontal stratum. Since 
so great a quantity of light is lost in passing through the atmo* 
sphere, many celestial objects are altogether . invisible from 
the plain, which may be seen from elevated situations. Dimi- 
»nished splendour, 'and the false estimate we make of distance from 
the number of intervening objects, lead us to srippose the sun 
and moon to be much larger when in the horizon than at any 
other altitude^ though their apparent diameters are jhen some* 
what less. Instead of the sudden transitions of light and dark* 
ness, the reflective power of the air adorns nature with the rosy 
and golden hues of the Aurora and twilight. Even when the 
sun is eighteen degrees below the horizon, a sufficient portion of 
light remains to show that at the height of thirty miles it is 
still dense enough to reflect light The atmosphere scatters the 
sun’s rays, and gives all the beautiful tints^and cheerfulness of 
day. It transmits the blue light in greatest abundance; the 
higher we ascend, the sky assumes a deeper hue ; but, in the 
expanse of space, the sun and stars must appear like brilliant 
specks in profound blackness. 
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It is impossible thus to trace the path of a sunbeam through our 
atmosphere without feeling a d^ire to know its nature, by what 
power it traverses the immensity of space, and the various modi- 
fications it undergoes at the surfaces and in the interior of ter- 
restrial substances. . 

Sir Isaac Newton proyed the compound nature of white light, 
as emitted from th%sun, by passing a sunbeam through a glass 
prism (N. 195), which, separating the rays by refraction, formed 
a spectrum or oblong image of the sun, consisting of seven colours, 
red, orange, yellow, green, blue, indigo, and violet — of which the 
red is the least refrangible, and the violet the most. But, when 
he reunited these seven rays by means of a lens, the compound 
beam becanie pure white as before. He insulated each coloured 
ray, and, finding that it was no longer capable of decomposition 
by refraction, concluded that white light consists of seven kinds 
of homogeneous light, and that to the same colour the same re- 
frangibility ever belongs, and to the same refrangibility the same 
colour. Since the discovery of absorbent media, however, it 
appears that this is not the constitution of the solar spectrum. 

We know of no substance that is either perfectly opaque or 
perfectly transparent. Even gold may be beaten so thm as to be 
pervious to light. On the contrary, the clearest crystal, the 
purest air or water, stops or absorbs its rays when transmitted, 
and gradually extinguishes them as they penetrate to greater 
depths. On this account objects cannot be sieen at the bottom of 
very deep water, and man^ more stars are visible to the naked 
eye from the tops of mountains than from the valleys. Che 
quantity of light that is incident on any transparent sul^tance is 
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always greater than the sum of the feflected and refracted rays, 
A small quantity is inegularly reflected in all directions, by the 
imperfections j^^e ^lish by which we^ are enabled to see the 
surface ; ba||^^|^ch greater portion is absorbed by the body. 
^Bodies thatipmt all the rays appear white, those that absorb 
them all see&^ack ; but most substances, afbsr decomposing the 
white light^lvhich falls upon them, reflect some colours and 
absorb th^ rest. ' A violet reflects the violet rays alone and 
labsorbs the others. Scarlet cloth absorbs almost all the colours 
except red. Yellow cloth reflects the yellow rays most abun- 
dantly, and blue cloth those that are blue. Consequently colour j 
is not a property of matter, but arises from the action of matte^ 
upon li^t. In fact, the law of action and reaction obtains ih 
light as in every other department of nature, so that light cannot 
be reflected, refracted, much less absorbed, by any medium 
without being reacted upon by it. Thus a white riband reflects 
all the rays, but, when dyed red, the particles of the silk acquire 
the property of reflecting the red rays xnost abundantly* and of 
absorbing the others. Upon this property unequal absorption 
the colours of transparent media dei)end; for they alsp receive 
their colour from their powea of stopping or ab6orbing|innie of 
the colours of white light, and transmitting others. 
example, bhick and red inks, though equally homogeneous,^iM|||b 
different kinds of rays; and, when exposed to the sun,'^^^^ 
become heated in different degi’ces ; while pure water seemsf td 
transmit all rays equally, and is not sensibly heated by the passing 
light of the sun. The rich dark light transqiitted by a smalt-blue 
finger-glass is not a homogeneous colour like the blue or indigo 
of the spectrum, but is a mixture of all the colours of white light 
which the glass has not absorbed. Tlie colours absorbed are such 
as mixed with the blue tint would form white light. When the 
spectrum of seven colours is viewed through a thin plate pf this 
glass, the^ are all visible ; and, when the plate is very thick, 
evpry colour is absorbed between the extreme red and the extreme 
violet, the interval being perfectly black ; but, if the spectrum be 
viewed through \ certain thickness of the glass intennediate 
between the two, it t^II & found that the middle of the red 
space, the whole of the orange, a great part of the green, a con- 
sid^ble part of the blue, a little of {he indigo^ and a very little 
of the violet, vanish, being absorbed by the blue glass ; and thafr 
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the yellow rays occupy a larger spacOi covering part of that for- 
merly (^upied by the orange on one side and by the green on the 
other : so that the blue glass*absorbs the red*light, which when 
mixed with the yellow constitutes orange ; and also absorbs th^ 
blue light, which when mixed with the yellow forms the part of 
tlie green space next to the yellow. Hence, by absorption, green 
light is decomposed into yellow and blue, and orange light into 
yellow and red : consequently the orange and green rays, though 
incapable. of decomposition by Refraction, can be resolved by 
absorption, and actually consist of two different colours possessing 
the ^me degree of refrangibility. Difference of colour, there- 
fore, is not a test of difference of refrangibility, and the conclusion 
deduced by Newton is no longer admissible as a general truth. 
By this analysis of the spectrum, not .only with blue glass but 
with a variety of coloured media, Sir David Brewster, so justly 
celebrated for his optical discoveries, is of opinion that the solar 
spectrum consists of. three primary colours, red, yellow, and blue, 
each of which exists throughout its whole extent, but with dif- 
ferent degrees of intensity in different parts ; and tliat the super- 
position of these three produces all the seven hues according as 
each primary colour is in excess or defect. That since a certain 
portion Of red, yellow, and blue rays constitute white light, the 
coloui; of any point of the spectrum may be considered as con- 
sisting of the predominating colour at that point mixed with 
white light. Consequently, “ by absorbing the excess of any 
colour at any point of the spectrum above what is necessary to 
form white light, such white light will appear at that point as 
never mortal eye looked upon before this experiment, since it 
possesses the remarkable* property of remaining the same after 
any number of refractions, and of being capable of decomposition 
by absorption alone.” This analysis of light has been called in 
question by Professor Challis, of Cambridge, who does not admit 
of any resolution by absorbing media different from tl^t by the 
prism, though he admits that a mixture of blue and yellow solar 
light produces green. Professor Stokes, on the contrary, does not 
allow fhat a mixture of blue aiid yellow solar light produces 
grcen, although that mixture produces green when the light is 
from other sources, for he found the gradation from sunlight to 
pass from yellow through diluted yellow, white, diluted blue to 
blue ; so he does not admit of dir David Brewster’s analysis of 
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thd spectrum ; however, there appears to he still a doubt as to 
the real character of the phenomena presented by certain absorbing 
substances. 

In addition to the seven colours of the. Newtonian spectrum, 
Sir John Herschel has discovered a set of very dark red rays 
beyond the red extremity of the spectrum which can only be seen 
when the eye is defended from the glare of the other colours by a 
dark blue cobalt glass. He has also found that beyond the 
extreme violet there ate visible rays of a lavender gray colour, 
which may. be seen by throwing the spectrum on a sheet of paper 
moistened by the carbonate of soda. The illuminating power of 
the different rays of the spectrum varies with the colour. The 
most intense light is in the mean yellow ray, or, according to lii. 
Frauhhofer, at the boundary of the orange and yellow. ^ 

When the prism is very perfect and the sunbeam small, so 
that the spectrum may be received on a sheet of white paper in 
its utmost state of purity, it presents the appearance of a riband 
shaded with all the prismatic colours, having its breadth irregu^ 
larly striped or subdivided by an indefinite number of dark, and 
sometimes black lines. The greater number o$ these rayless lines 
are so extremely narrow that it is impossible to see them in ordi^ 
nary circumstances. The best methc^ is to receive the spectrum 
on the object-glass of a telescope, so as to magnify then^ suffi- 
ciently to render them visible. This experiment may also be 
made, but in an imperfect manner, by viewing a narrow slit 
between two nearly closed window-shutters through a very ex- 
cellent glass prism held close to the eye, with its refracting angle 
parallel to the line of light. The rayless lines in the red portion 
of the spectrum become most visible as the sun approaches the 
horizon, while those in the blue extremity are most obvious in 
the middle of the day. When the spectrum is formed by the 
sun’s rays, either direct or indirect — as from the sky, clouds, 
rainbowgmoon, or planets— the black bands are always found to 
be in the same parts of the spectrum, and under all circumstances 
to maintain the same relative positions. Similar dark lines are 
also seen in ther light of the stars, in the electric light, anH in the 
flame of combustible substances, though differently arranged, 
each star and each flame having a system of dark lines peculiar 
to itself. Dr. Wollaston and M. Fraunblbfer, of Munidi, dis- 
covered these lines deficient of rays independently of each other. 
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' M. Fiaunhofer found that their number extends to nearly six 
hundred) but they are much inore numergus. There are bright 
lines in the solar spectruna ^hich also maintain a fixed position. 
Among the dark Imes, M. Fraunhofer select^ seven of the. moll 
remarkable, and determined their distances so accurately, that^ 
they; now form standard and invariable points of reference for 
measuring the refractive powers of difierent media on the rays of. 
light, which renders this department of optics as exact as any of 
the physical sciences. These lines are dcsigz|i|^ by the letters 
of the alphabet, beginning with b, which is ii^M, red near the 
end of the spectrum ; o is farther advanced in thi^^'; n is in the 
orange $ e in the green ; f in the blue ; o in thii|Wgo ; and h in 
the violet. By means of these fixed points, ]S£.^aunhofer has 
ascertained from prismatic ol^rvation the refrangibility of seven 
of the principal rays in each of ten different substapces solid and 
liquid. The refraction increased in all from the red to tlie violet 
end of the spectrum. The rays that ai'e wantiqg in the solar 
spectrum, which occasion the dark lines, were supposed to be 
absorbed by the atmosphere of the sun. But the annular eclipse 
which happened «n the 16th of May, 1886, afforded Professor 
Forbes the means of proving that the dark lines in question cannot 
be attributed to the absorption of the solar atmosphere* ; they were 
neither broader nor more numerous in the spectrum formed during 
that phenomenon than at any other time, though the rays came 
only from the circumference of the sun’s disc, and consequently 
had to traverse a greater depth of his atmosphere. 

Sir David Brewster found that in certain states of the atmo- 
sphere the obscure lines become much broader, and some of 
them deeply black ; and he observed also, that, at the time the 
sun was setting in a veil of red light, part^of the luminous 
spectrum was absorbed, whence he concluded that the earth’s 
atmosphere had absorbed the rays of light which occupied the 
dark bands. By direct experiments also the atmosphere wsCs 
observed to act powerfully upon the rayless lines. 

When a lens ik used along with a prism, longitudinal dark 
lines of different breadths are seen to cross the bands, already 
described, at right angles ; tliese M. Bagona-Scina and M. 
Babinet believe to be lines of interference which exist in li^t 
that has passed through a convex lens. 

The lines are different both in kind and number in the spectra 
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of gases and ilames. In a highly-magnified from Ugh^ 

passed through nitrous acid gas» Sir David Bxewatet AQunted 
2000 dark hands. In the spectrum of > lamp, and gunerally of 
/all white fiames, none of the defective lines s^e i^und ; so all 
such flames contain rays which do not cpcist in the light of the 
sun or stars. Brilliant red lines appear in the spectrum pro- 
duced by the combustion of nitre upon charcoal ; and in all 
artificial flames dark and bright bands exist, i^m’etimes corr^ 
spending in position ivith those in the solar sp^ctrum^ imd 
sometimes not. 

A sunbeam received on a screen, after pagsing through a small 
round hole in a window-shutter, appears like a round white spot ; 
but when a prism is interposed, the beam no longer occupies the 
same space. It is separated into the prismatic colours, and 
spread over a line of considerable length, while its breadth re- 
mains the same with tliat of the white spot. The act of spread- 
ing or separation is called the dispersion of the coloured rays. 
Dispersion always takes place in the plane of refraction, and is 
greater as the angle of incidence is greater. It varies inversely 
as the length of a wave of light, and directly as its velocity : 
hence towards the blue end of the spectrum, where the undula- 
tions of the rays are least, the dispersion is greatest. Substailbcs 
have very different dispersive jHjwers ; that is to say, the spectra 
formed by two equal prisms of different substances, under pre- 
cisely the same circumstances, are of different lengths. Thus, 
if a ])risra of flint-glass and one of crown-glass of equal refracting 
angles lie presented to two rays of white light at equal angles, 
it will be found that the space over which the coloured rays are 
dispersed by the flint-glass is much greater than the space occu- 
pied by that prclluccd by the crown-glass : and as the quantity 
of disi)eTsion depends upon the refracting angle of tlie prism, the 
angles of the two prisms may bo made such that, when the 
prisms are placed close together with their edges turned opposite 
ways, they will exactly opiiose each other’s action, and will 
refract the coloured rays equally, but in contrary directions, so 
that an exact compensation will be effected, and the light will 
be refracted without colour (N. 195). The achromatic telescope 
is constructed on this principle. It consists of a tube with ah 
object-glass or lens at one end to "bring the rays to a focus, and 
form an image of the distant object, and a magnifying-glass at 
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other «id to view the image thus formed. Now it is found 
that the object-glass, instead of making the rays converge to 
one point, disperses them, and gives a confused and coloured 
image : but by constructing it of two lenses in contact, one of 
flint and the other of crown-glass of certain forms and propor- 
tions, the dispersion Js counteracted, and a perfectly well-defined 
and colourless image of the object is formed (N. 196). It was 
thought to be Im^sible to produce refraction without colour, 
till Mr. Hall, a gentleman of Worcestershire, constructed a tele-* 
scojieon this principle in the year 1733; and twenty-&ve years 
afterwards the acbromatic telescope was brought to perfection by 
Mr. Dollond, a celebrated optician in London. 

By means of Mr. Fraunhofer’s determination of the refraction 
of iktt^rincipal rays in substances, their dispersive powers may 
befpd(N.l97). 

A perfectly homogeneous colour is very rarely to be found ; 
but the tints of all substances are most brilliant when viewed in 
light of their own colour. The red of a wafer is much more 
vivid in red than in white light ; whereas, if placed in homoge- 
neous yellow light, it can no longer appear red, because there is 
nqt a ray of red in Jhe yellow light. Were it not that the wafer, 
like all other bodies, whether coloureii or not, reflects white light 
at its outer surface, it would appear absolutely black when 
placed in yellow light. 

After looking steadily for a short time at a coloured object, 
such as a red wafer, on tiiniiug the eyes to a white substance, a 
green image of the wafer a[»ix'ars, which is called the accidental 
colour of red. All tints have their accidental colt>urs : thus the 
accidental colour of orange is blue ; that of yellow is indigo ; 
of l^rcen, reddish white ; of blue, orange-red ; of violet, yellow ; 
and of white, black ; and wire versa. When the direct and 
accidental colours are of the same intensity, the accidental 
is then called the complementary colour, because any two 
colours are said to be complementary to one another which pro- 
*duce white when combined. 

From experiments by M. Plateau of Brussels, it appears that 
two complementary colohrs from direct impression, which would 
produce white when combined, produce black, or extinguish one 
another, by their union, when accidental; and also that the com- 
bination of all the tints of the solar spectrum produces white 
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light if' they be from a direct impression on the eye, whemas 
blackjafess msults from a union of the same tints if they be acci^ 
dental ; and in every case where the real colours produce white 
their combination, the accidental colours of the same tints 
' produce black. When the image of an object is impressed on 
the retina only for a few moments, the picture left is exactly of 
the same colour with the object, but in an extremely time 
the picture is succeeded by the accidental imag4. lilf^lateau 
^attributes this phenomenon to a reaction of the retina after being 
excited by direct vision, so that the accidental impression is of 
an opposite nature to the corresponding direct impression. He 
conceives that when the eyd is excited by being fixed for a time 
on a coloured object, and then withdrawn from the excite* 
ment, it endeavours to return to its state of repose ; bi^m so 
doing, that it passes this point, and spontaneously assu^^'^ an 
opposite condition, like a spring which, bent in one direction, 
in returning to its state of rest bends as much the contrary way. 
The accidental image thus results from aL.particular modification 
of the organ of sight, in virtue of which it spontaneously gives 
us a new sensation after it has been excited by direct vidon. 
If the prevailing impression be a very string white light, jts 
accidental image is not black, but a variety of colours in succes* 
sion. According to M. Plateau, the retina offers a resistance to 
the action of light, which increases with the duration of this 
action ; whence, after looking Intently at an object for a long 
time, it appears to decrease in brilliancy. The imagination has 
a powerful influence on our optical impressions, and has been 
known to revive the images of highly luminous objects months, 
and even years, afterwards. 
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SECTION XX. 

Inte^enoe of Light — Un^ulatory Theory of Light — Propagation of 
Light — Newton^s Rings — Measuroment of the Length of the Waves of 
Light, and of the Frequency of the Vibrations of Ether for each Colour 
— Kewton*8 Scale of Colours — Diffraction of Light — Sir John Her- 
schel’s Theory of the Absorption of Light — Refraction and Reflection of 
Light. 

Nkwtov and most of his immediate successors imagined light 
to be a material substance, emitted by all self-luminous bodies 
in extremely minute particles, moving in straight lines with pro- 
digious velocity, which, by impinging upon the optio nerves, 
produce the sensation of light. Many of the observed pheno- 
mena have been explained by this theory ; it is, however, totally 
inadequate to account for the following circumstances. 

When two equal rays of red light, prex^eding from two lumi- 
nouai points, fall upon a sheet of white paper in a dark room, 
‘they produce a red spot on it which will be twice as bright as 
either ray would produce singly, provided the difference in the 
lengths of the two beams, from the luminous jx)ints to the red 
spot on the paper, be exactly the 0*000Q258th part of an inch. 
The same effect will take place if the difference in tlie length's 
be twice, three times, four times, &c., that quantity. But 
if the difference in the lengths of the two rays be equal 
to- one-half of the 0'0000258th part of an inch, or to its 
14, 2i, 3^, &c., part, the one light w'ill entirely extinguish 
the other, and will produce absolute darkness on the paper 
where the united l^ms fall. If the difference in the 
lengths of their paths be equal to the li, 2i, 34, &c.> of the 
0*CX)00258t}i part of an irfth, the red s{>ot arising from the com- 
bined beams will be of the same intensity which one alone would 
produce. If violet light be employed, the difference in the 
lengths of the two beams must be equal to the 0*0(X)0157th 
part of an inch, in order to produce the same phenomena; and 
Ibr the other colours, the difference must be intermediate he- ^ 
tween the 0*0000258th and the 0'0000157th part of an inch. 
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Similar phenomena may be seen by viewing the flame pf a 
candle through two very fine slits in a car4 extremely near to 
one another (N, 198); or by adiiiitting the suu*s light mto a 
dark room through a pin-hole about the fortieth of ah inch. in 
diameter, receiving the image on a sheet of white paper, and 
holding a slender wire in the light. Its shadow MU be Ibuud 
to consist of a bright white bar or strijpe in the middle, ^th a 
series of alternate black and brightly-coloured stripes on each 
side. The rays .which bend round the wire in two streams m 
of equal length in the middle stripe ; it is consequently doubly 
jfcright from their combined effect ; but the rays which fall on 
■he paper on each side of the bright stripe, being of such unequal 
pngths as to destroy one another, form black lines. On each 
»de of these black lines the rays are again of such lengths as to 
j^mbinc to form bright stripes, and so on alternately till the 
' light is too faint to be visible. When any homogeneous light is 
used, sulSh as red, the alternations are only black and red ; but 
on account of the heterogeneous nature of white light, the black 
lines alternate with vivid stri|)C8 or fringes of pnsmaric colours, 
arising from the superposition of systems of alternate black lines 
and lines of each homogeneous colour. That the alternation of 
black lines and coloured fringes actually docs arise from the 
mixture of the two streams of light which flow round the wire, 
is proved by their vanishing the instant one of the streams is 
. interrupted. It may therefore be concluded, as often as these 
sPtripcs of light and darkness occur, that they are oMng to the 
rays combining at certain intervals to produce a joint effect, and 
at others to^extinguish one another. „ Now it is contrary to all 
our ideas of matter to suppose that two particles of it should 
annihilate one another under any circumstances whatever ; while, 
on the contnary, two opposing motions may; and it is impos- 
sible not to be struck with the perfect similarity between the 
interferences of small undulations of air or of water and the pre- 
ceding phenomena. The analogy is* indeed so perfect, that 
philosophers of the highest authority concur in the belief that 
the celestial regions are filled with an extremely rare and highly 
elastic medium or ether, whose particles are capable of receiving 
the Vibrations communicated to them by self-luminous bodies, 
and of transmitting them to the optic nerves, so as to produce 
the sensation of light. The acceleration in the mean motion of 
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Encke’s comet, as well as of the comet discoveied by Jlfela, 
rendei's the existence of such a medium certain. It is clear 
that, in this hypothesis, the alternate stripes of li^t and dark- 
ness are entirely the effect of the interference of the undulations ; 
for, by actual measurement, the length of a wave of the mean 
red rays of the solar spectrum is equal to the 0 ’ 0000268 th part 
of an inch ; consequently, when the elevations of the waves 
combine, they produce double the intensity of light that each 
would do ‘singly ; and when half a wave combines with a wliole 
— ^that is, when the hollow of one wave is filled up by the ele- 
vation of another — darkness is the result. At intermediate 
points between these extremes, the intensity of the light corre- 
sponds to intermediate differences in the lengths of the rays. 

The theory of interferences is a particular case of the general 
mechanical law of the superposition of small motions ; wlicnce it 
appears that the disturbance of a particle of an elastic medium, 
produced by two co-existent undulations, is the sum of the dis- 
turbances which each undulation would produce separately; 
consequently, Jbhe particle will move in the diagonal of a paral- 
lelogram, whbse sides are the two undulations. Tf, themfore, 
the two undulations agree in direction, or nearly so, the resulting 
motion will bo very nearly equal to their sum, and in the same 
direction ; if they nearly opiX)so one another, tlie resulting motion 
■yill ho nearly equal to their difference ; and, if the undulation^ 
be equal and opposite, the resultant will be zei-o, and the luirticle 
will remain at rest. 

The preceding experiments, and the inferences deduped from 
them, which have led to the establishment of tlie doctrine of the 
undulations of light, are the most sj)lenclid ^iemorials of oUr 
illustrious countryman Dr. Thomas Young, though Iluygens 
was the first to originate the idea. 

It is supposed that the particles of luminous bodies are in a 
state of perpetual agitation, and tliat they possess the property 
of exciting regular vibrations in the molecules of the ethereal 
medium, corresponding to the vibrations of their own molecules ; 
and that, on account of its elastic nature, one particle of the* 
ether when set in motion communicates its vibrations to those 
adjacent, which in succession transmit them to those farther off ; 
so that the primitive impulse is transferred from particle to par- 
ticle, and the undulating motion darts through ether like a wave 
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in water; so that light is motion, anfl therefore subject to the 
laws of d 3 mamics and mathematical analysis^ Althov^ the 
progressive motion of light is known by experience to be uniform 
and in a straight line, the vibrations of tho particles are always 
at right angles to the direction^f the ray. The propa^tion of 
light is like the spreading of waves in water; but, if pnQ ray 
alone be considered, its motion may be conceived Isy suppomng a 
rope of indefinite length stretched horizontally, one end of which 
is held in the hand. If it be agitated to and fro at regular 
intervals, with a motion perpendicular to its length, a series of 
similar and equal tremors or waves will ^ propagated^ along it; 
and if the regular impulses be^given in a variety of planes, as up 
and down, from right to left, and also in oblique directions, thoi 
successive undulations will take place in every possible plane. 
An analogous motion in the ether, when communicated to the 
optic nerves, would produce the sensation of common light. It 
is evident that the waves which flow from end to end of the cord 
in a serpentine form are altogether different from the perpendi- 
cular vibratory motion of each particle of the rop^ which never 
deviates far from a state of rest. So, in ether, «ach particle 
vibrates iwriHjndicularly to the direction of the ray ; but these 
vibrations are totally different from and independent of the un- 
dulations which arc transmitted through it, in the same manner 
as the vibratious of each particular ear of com are independent qf 
the waves that rush from end to cud of a harvest-field when 
agitated by the wind. 

The intensity of light depends upon the amplitude or extent 
of the vibrations of the particles of ether, while its colour depends 
upon tlicir frequency. The time of the vibration of a particle of? 
ether is, by theory, as the length of a wave directly, and in- 
versely as its velocity. Now, as the velocity of light is known 
to be 190,000 miles in a second, if the lengths of the waves of 
the different coloured rays could bo measured, the number of 
vibrations in a second corresponding to each could he computed. 
Uliat has been accomplished as follows : — All transparent sub- 
jstances of a certain thickness, with parallel surfaces, reflect and. 
transmit white light ; but, if they be extremely thin* both 
reflected and transmitted light is coloured. The vivid hues on 
soap-bubbles, the iridescent colours produced byl^t on polished, 
steel and copper, the fringes of colour between the la^nas of 
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Iceland sjfeir and sulphate of lime, all consist of a succession of 
hues disposed in the same order, totally independent of the 
colour of the substance, and determined solely by its greater or 
less thickness — a circumstance which affords the means of ascer- 
taining, the length of the waves of each coloured ray, and the 
fx^uency of the vibrations of. the particles producing them. If 
a plate of glass be laid upon a lens of almost imperceptible 
curvature, before an open window, when they are pressed toge- 
ther a black spot will be seen in the point of contact, surrounded 
: Jiy seven rings of vivid colours, all differing from one another 
4(N. 199). In the first ring, estimated from the black spot, the 
colours succeed each other in the following order : — black, very 
faint blue, brilliant white, yellow, orange, and red. They are 
quite different in the other rings, and’ in the seventh the only 
colours are pale bluish green and very pale pink. That these 
rings are formed between the two surfaces in apparent contact 
may he proved by laying a prism on the lens instead of the 
plate of glass, and viewing the rings through the inclined side of 
it that is next to the eye, which arrangement prevents the light 
reflected fronr the upper surface mixing with that from the sur- 
faces in contact, so that the intervals between the rings appear 
perfectly black — one of the strongest circumstances in favour of 
the undulatory theory ; for, although the phenomena of the 
rings can be explaihed by either hypothesis, them is this material 
difference, that, according to the imdulatory tlicory, the intervals 
between the rings ought to be absolutely black, whicli is con- 
firmed by experiment ; whereas, by the doctrine of emanation, 
they ought to be half illuminated, which is not found to he the 
case, M. Fresnel, whose opinion is of the first authority, thought" 
this test conclusive. It may therefore he concluded that the 
rings arise entirely from the interference of the rays : the light • 
reflected from each of the surfaces in apparent contact reaches 
the eye by paths of different lengths, and produces coloured and 
dark rings alternately, according as the reflected waves coincide 
or destroy one another. The breadths of the rings are unequal ; 
they decrease in width, and the colours become more crowded, 
as they recede from the centre. Coloured rings are also produced 
by transmitting light through the same apparatus ; but the 
colours are less vivid, and are complementary to those reflected, 
consequently the central spot is white. 

I 2 
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The size of the rings increases with the obliquity of the inci- 
dent light, the same colour requiring a greater thickness or space 
between the glasses to produce it than when the light falls per- 
pendicularly upon them. Now, if the apparatus bo placed in 
homogeneous instead of white light, the rings will all be of the 
same colour with that of the light employed, that is to say, if 
the light be red, the rings will l)e red, divided by black intervals. 
Tlie size of the rings varies with the colour of the light. They 
are largest in red, and decrease in magnitude with the succeeding 
prismatic colours, being smallest in violet light. 

Since one of the glasses is plane and the other spherical, it is 
evident that from the point of contact the space between them 
gradually iiicrojises in thickness all round, so that a certahfc,'i 
thickiKJfis of air corrcs])onds to each colour, which in the undu** ‘ 
latory system measures the length of the wave producing it 
(N. 20()). lly actual measurement Sir Isaac Newton found that 
the squares of the diameters of tlic brightest part of each ring 
are as the 0 (hl mimh(3rs, I, 3, 5, 7, v^c. ; and that the squares of 
the diameters of th(j daikest parts are as the even numbers, 
0, 2, 4, (), &c. Consequently, the intervals between the glasses 
at these points are in the same pro})orlion. If, then, the thick- 
ness of the air corresi)oi\ding to any one colour could be found, 
its thickness for all the others would be known. Now, as Sir 
Isaac Newton knew tlie radius of curvature of the lens, and the 
actual breadth of the rings in parts of an inch, it was easy to 
compute tljat the thickness of air at the darkest part of the first 
ring is the ]uirt of an inch, whence all the others have been 
deduced. As these intervals determine the length of the waves 
on the uudulatory hypothesis, it appears that the length of a 
wave of the extreme red of the solar s^)ectrum is equal to the 
• 0'000026Gth part of an inch ; that the length of a wave of the 
extreme violet is equal to the 0*00001G7ih part of an inch ; and, 
as the time of a vibration of a particle of ether producing any 
particular colour is directly as the length of a wave of that 
colour, and inv(Msely as the velocity of light, it follows that the 
molecules of ctlicr pro<lucing the extreme red of the solar spec- 
trum i)erform 458 millions of millions of vibrations in a second ; 
and tliat Uiosc producing the extreme violet accomplish 727 
millions of millions of vibrations in the same time. The lengths 
of the waves of the intermediate colours, and the number of their 
^brations, being intermediate between these two, white light, 
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which consists of all the colours, is consequently a mixture of 
waves all lengths between the limits of the extreme red aiid 
violet. The determination of these minute portions of time and 
space, both of which have a real existence, being the actual 
results of measurement, do as much honour to the genius of 
Newton as that of the law of gravitation. 

The number of advancing waves of light in an inctf is known 
to be from 37,600 to 59,880, and the number of lateral vibrations 
is from 458 to 727 billions in a second, but the extent of these 
lateral vibrations of the particles of the ethereal medium is not 
known, though both their extent and velocity are probably very 
small compared with the length of the advancing waves and the 
velocity of propagation. Colour is identified with the numlier of 
vibrations; but whether reflection, refraction, absori)tion, &c., 
have any relations to the lateral vibrations, or wliether they are 
dependent in part upon some physical action of the ethereal 
medium unknowuvand unsuspected, are jKymts as yet undeter- 
mined. I’o ascertain these circumstances, Dr. Faraday instituted 
a series of the most refined experiments upon the relation of the 
minute particles of metals to the vibrations of light. • 

Gold acts powerfully on light, and ix)sscsses a real transparency, 
transmitting green rays when very tliin ; and being capable of 
extreme division by solvents without losing its metallic charac- 
ter, its particles transmit rays of various colours according to 
their size ; those that transmit the rose-colour in Bohemian glass 
are of inconceivable minuteness. The progressive waves of the 
ether are so long compared with the dimensions of the molecules 
to which gold can bo reduced, that it seen^pd probable to Dr. 
Faraday when the latter were placed in a sunbeam that some 
effective relation might be discovered between them and tho 
smaller vibrations of the ethereal medium ; in which case, if 
reflection, refraction, &c,, depended upon such relations, there 
was reason to expect that these functions would change sensibly 
by the substitution of different sized particles of the gold for one 
another. At one time Dr. Faralday hoped he had clianged one 
colour into another by means of gold, which would' have been 
equivalent to a change in the number of vibrations; but although 
he has not yet confirmed that result, his researches are of the 
grefitest interest.* 

* Bakerian Lecture, by Michael Faraday, Esq. Phil. Trans. 1857, 
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The phenomenon of the colored rings takecl place ^ es 
well as in air^ which prov^ thm it is the distance betWj^ {he 
lenses alone, and not the air, which produces the colours, how- 
ever, if water or oil be put between them, the riUgs dpntraf^ but 
no other change ensues ; and Newton found that the thidsUess 
of different media at which a given tint is seen Js in the invCi^ 
ratio of their refractive indices, so that the thickness of lamih^ 
which could not otherwise be measured may be known by thdir 
colour ; and, as the position of the colours in the rin^ is inva- 
riable, they form a fixed standard of comparison^ well known as 
Newton’s scale of colours ; each tint being estimated according 
to the ring to which it belongs from the central Spot inclusively. 
Not only the periodical colours which have been described, but 
the colours seen in thick plates of transparent substances, the 
variable hues of feathers, of insects’ wings, mothgr-of-pearl, 
of striated substances, all depend upon the same principle, 
theso may be added the coloured fringes surrounding the shadc^$ 
of all bodies held in an extremely small beam of light, and the 
coloured rings surrounding the small beam itselLwhen received 
ox a screen. 

Whcii a very slender sunbeam, passing through a small pin- 
hole into a dark room, is received on a white screen, or plate of 
ground-glass, at the distance of a little more than, olx feet, the 
spot of light on the screen Is larger than the pin-hole : and, 
instead of being bounded by shadow, it is surrounded by a series 
of coloured rings separated by obscure intervals. Ilie rings are 
more distinct in proportion to the smallness of the beam (N. 201). 
When the light is white thera arc seven rings, which dilate or 
contract with the ^stance of the screen from the hole. As the 
distance of the screen diminishes, the white central spot contracts 
to a point and vanishes ; and, on approaching still nearer, the 
rings gradually close in upon it, so that the centre assumes suc- 
cessively the most intehso and vivid hues. When the light is 
homogeneous— red, for example— the rings are alternately red 
and black, and more numerous; and their breadth varies with 
the colour, being broadest in* red light and narrowest in vklist. 
The tints of the coloured fringea from white li^t, and their <>bli- 
teration after the seventh ring, arise from the superposition of 
the different sets of fringes of all the coloured rays. The shadows 
of objects are also bordered by coloured fringes wheii held in this 
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dend^ light* If the edge of a knife or hair, for exainpio, 

it^ &e rays, instead of prooeeding in straight lines 
its.edg^ are bent whto^juite close to it, and proceed from 
ihen^ to the screen in curved lines called hyperbolas ; so that 
l^al)^ovr of ^e object is enlarged, and,, instead of being at 
once, bounded by light, is surrounded or edged with coloured 
Mnges r^ltomating with black bands, which are more distinct 
j^e sm^ler the pin-hole (N. 202), The fringes are altogether 
independent of the form or density of the object, being the same 
when it is round or pointed, when of glass or platinum. When 
the rays which form the fringes arrive at the screen, they are of 
different lengths, in consequence of the curved path they follow 
after passing the edge of the object. The waves are therefore in 
different phases or states of vibration, and either conspire to 
form coloured fringes or destroy one another in the obscure in- 
tervals. The coloured fringes bordering the shatlows of objects 
were first described by Grimaldi in 1665 ; but, besides these, lie 
noticed that there are others within the shadows of slender 
bodies expojed to a small sunbeam, a pbenomenon which has 
alroady been mentioned fo Lave afforded Dr. Young the means 
of proving, beyond all controversy, that coloured rings are pro- 
duct by the interference of light. 

It may bo concluded that material substances derive their 
odours from two different causes ; some from the law of inter- 
ference, such as iridescent metals, peacocks’ feathers, &c. ; others 
from the unequal absorption of the rays of white light, such as 
vermilion, ultramarine, blue, or green cloth, flowers, .and the 
•greater number of coloured bodies. The latter phenomena have 
been* considered extremely difficult to reconcile with the undu- 
late^ theory of light, and much discussion has arisen as to what 
becomes of the absorbed rays. But that embarrassing quostioti 
. been ably answered by Sir John Hcrscbel i#a most profound 
. jpaper on the Absorption of Light by coloured Media, and can- 
not be better given than in his own words. It must, however, 
Ute praised* that, as all transparent bodies are traversed by 
they are presumed to be permeable to the ether. He 
iay8,<rT^* Now, as regards only the general fact of the obstruction 
• and til extincripn of light in its passage tbrou^ gross 
ib)^ the corpusoubir and undulatory theories, 

we shiiU find that tli^ former appeals to our ignorance, the latter 
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to our knowledge, for its explanation of the absorptive pheno^* 
mena. In attempting to explaiia the extinction of lijght on 
corpuscular doctrine, we have to account for the light kl extin- 
guished as a material1x)dy, which we must not suppose annihi- 
lated. It may, however, 1^ transformed ; and among ihe impon- 
derable ageiits, heat, electricity, &c., it may bie that we are to 
search for the light which has become thus comparatively stag- 
nant. The heating power of the solar rays gives a primd facie 
plausibility to the idea of the transformation of light heat 
by absorption. But, when we come J;o examine. the ma^vmore 
nearly, we find it encumbered on all sides with difficuitn^Kow 
is it, for irvstance, that the most luminous rays are not u^Bbst 
calorific, but that, on the contrary, the calorific energy 
panics, in its greatest intensity, rays which possess comparatively 
feeble illuminating powers? These and other questions of a 
similar nature may perhaps admit of answer in a more advanced 
state of our knowledge ; but at present there is none obvious. 
It is not without reason, therefore, that the question, ‘ What 
becomes of light?’ wliicli appears to have been agitated among 
the photologista of the last century, hks been regarded as one of 
considerable importance as well as obscurity by the^cqrnuscular 
philosophers. On the other hand, tho^jauswer to thif ^lestion, 
afforded by the undulatory theory of light, is simgl^i^d dis- 
tinct. The question, ‘ What becomes of light ? ! in the 

more general one, ‘ Whart becomes of motion^^And the 
answer, on dynamical principles, is, that it continup for ever. 
No motion is, strictly speaking, annihilated ; but it may be 
divided, and the divided parts made to Qpppi^ and^ effect 
destroy one another. A body struek, how^r perfect^ elastic, 
vibrates for a time, and then appears to sink into its original 
repose. But this apparent rest (even abstracting from the inquiry 
that part of thar motion which may be conveyed away by the 
ambient air) is nothing else than a state of subdivided and 
mutually destroying motion, in which every molecule continues 
to be agitated by an indefinite multitude of internally reflected 
waves,'propagated through it in every possible direction, from 
every point in its surface on which they successively impinge. 
The superposition of such waves will, it is easily seen, at length 
operate their mutual destruction, which will he the more com- 
plete the more irregular the figure of the body, and the greater 
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tho of internal reflections.” Thus Sir John Herschel, 

absorption of light to the i^bdi vision and mutual 
desirhctiph of the- vibrations of ether in the interior of bodies, 
brings another class of phenomena under the laws of tlie undu- 
latpry theory. 

According to Mr. Rankin’s hypothesis of Molecular Vortices* 
the absorption of light and radiant heat consists in the trans- 
ference of motion from the molecules to their atmospheres, and 
conversely the emission of light and radiant heat is the transmis- 
sion of motion from the atmospheres to the molecules. TJje* 
gre4t velocity of light and heat is a natural consequence of this 
hypothesis, according to which the vibratory masses must be ex- 
tremely small compared with the forces exerted by them. 

The ethereal medium pervading space is supposed to penetrate 
all material substances, occupying the interstices between their 
molecules ; but in the interior of refracting media it exists in a 
state of less elasticity compared with its density in vacuo ; and, 
the more refractive the medium, the less the elasticity of the 
ether within it. Hence the waves of light are transmitted with 
less velocity In such me4ia as glass and water than in the ex- 
ternal ether. As soon as a ray of light reaches the surface of a 
diaphanous reflecting substance, for example a plate of glass, it 
communicates its undulations to the ether next in contact with 
the surface, which thus beepmes a new centre of motion, and two 
hemispherical waves are propagated from each point of this 
surface ; one of which proceeds forward into the interior of the 
glass, with a less velocity than the incident waves ; and the 
other is transmitted back into the air, with a velocity equal to 
that with which it came (N. 203). Tlius, when refracted, the 
light moves with a different velocity without and within the 
glass; when reflected, the ray coines and goes with the same 
velocity. The particles of ether without the glass, which com- 
municate their motions to the- particles of the dense and less 
elastic ether within it, are analogous to small elastic balls striking 
large ones ; for some of the motion will be communicated to the 
large halls, and the smairones will be reflected. The first would 
cause the refracted wave, and the last the reflected. Con- 
versely, when the light passes froin glass to air, the action is 
similar to large balls striking small ones. The small halls 
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receive a motion which would cause the refracted ray, and the 
part of the motion retained by the large ones would occasion the 
reflected wave ; so that, when light passes through a plate of 
glass or of any other medium differing In density from the air, 
there is a reflection at both surfaces ; but this difference exists 
between the twp reflections, that one is caused by a vibration in 
the same direction with that of the incident ray, and the other by 
a vibration in the opjjosite direction. 

A single wave of air or ether would not produce the sensation 
of sound or light. In order to excite vision, the vibrations of 
the molecules oi ether must be regular, periodical, and very often 
rei)eatcd : and, as the ear continues to be agitated for a short 
time after the impulse by which alone a sound becomes continu- 
ous, so also the fibres* of the retina, according to M. d’Arcet, 
continue to vibrato for about the eighth part of a second after 
the exciting cause has ceased. The interval of time during which 
the impression lasts is longer for the blue than for red or white 
light : it -must not be less than 0''*34. Every one mushhave* 
observed, when a strong impression is made by a bright light, 
that an object remains visible for a short time after shutting the 
eyes, which is supposed to be in consequence of the continued 
vibrations of the fibres of the retina. Occasionallyrthe retina 
becomes insensible to feebly illuminated objects when continu- 
ously presented. If the eye be turned aside for a moment, the 
object becomes again visible. It is probably on this account that 
the owl makes so peculiar a motion with its head when looking 
at objects in the twilight. It is quite possible that many vibra- 
tions may be excited in the ethereal medium incapable of pro- 
ducing undulations in the fibres of the human retina, which yet 
have a powerful effect on.tho8e of other animajs or of insects. 
Such may receive luminous impressions of which we are totally 
unconscious, and at the same time they may be insensible to the 
light and colours which affect our eyes, their perceptions begin- 
ning where ours end. 
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SECTION XXI. 

Polarization of Li^t — Defined — Polarization by fiefinction — Propertiee 
of the TounnaUne — Double Refraction — All doubly Refiracted Light is 
Polarized — Properties of Icdand Spar — Tourmaline' absorbs one of the* 
^0 Beiracted Rays ■— Uhdulatioi^ of Natural Light — Undulations of 
Polarized Light — The Optic Axes of Crystals — M. FresnePs Discoveries 
on the Bays passing along the Optic Axis — Polarization by Reflection. 

In giving a sketch of the constitution of light, it is impossible to 
bmit.the extraordinaiy^property of its polarization, “ the pheno- 
mena of which,** Sir John Herschel fiays, “ are so singular and 
various, that to one who has only studied the common branches 
of physical optics it is like entering into a new world, so splendid 
as ^ render it one of the most delightful branches of experi- 
mental inquiiy, and so fertile in the views it lays open of the 
constitution of natural bodies, and the minuter mechanism of the 
universe, as to place it in the very first rank of the physico- 
mathematical sciences, which it maintains by the rigorous appli- 
cation of geometrical reasoning its nature admits and requires.’* 
Light is said to he polarized, Which, by being once reflected or 
refracted, is rendered incapable of being again reflected or re- 
fracted at certain angles. In general, when a yay of light is 
reflected from a pane of plate-glass, or any other substance, it 
may be reflected a second time from another surface, and it will 
also pass freely through transparent bodies. But, if a ray of 
light be reflected from a pane of plate-glass at an angle of 57^^, 
it is rendered totally incapable of reflection at the surface of 
another pane of glass in certain definite positions, but it will be. 
completely reflected by the second pane in other positions. It 
likewise loses the property of penetrating transparent bodies in 
parUcular positions, whilst it is freely transmitted by them in 
ethers. Li^t, so modified as to be incapable of reflection and 
transmission in certain directions, is said to be polarized. 

Light may be polarized by Reflection from any polished surface, 
and the same prdperty is also imiiarted by refraction! It is pro- 
posed to explain these methods of polarizing light, to give a short 



ficcotint of ite most rematkaWe propertiM/Attd to ei^fiaVoot 10 
describe a few of the splendid phenomena it exhibit&^f " 

If a brown tourmaline, which is a mineral generilly cryst^- 
lized in the form of a long prism, be cut longitudinally, that is, 
parallel to the axis of the prism, into plates about the thirtieth 
of an inch in thickness, and the surfaces polished, luminous 
objects may be seen through them, as through plates of coloured 
glass. The axis of each plate is in its longitudinal section parallel 
. to the axis of the prism whence it was cut (N. 204). If one of 
these plates be held perpendicularly between the eye and a 
candle, and turned slowly round in its own plane, no change will 
take place in the image of the candle. But if the plate be held 
in a fixed position, with its axis or longitudinal section vertical; 
when a second plate of tourmaline is interposed between iy|^^ 
tile eye, parallel to the firs^ and turned slowly round in its^oro ' 
X)lane, a remarkable change will be found to have taken place in 
the nature of the light. For the image of the candle will vanish 
and appear altei nately at every quarter revolution of the plate, 
varying through all degrees of brightness down to total or almost 
total evanescence, and then increasing again by the same degrees 
as it had before d(3creased. These changes depend upon the rela- 
tive positions of the plates. AVhen the longitudinal sections of 
the two plates are parallel, the brightness of the image is at its 
maximum ; and, when the axes of the sections cross at right 
angles, the image of the candle vanishes; Tims the light, in 
passing through the first plate of tourmaline, has acquired a 
))ropcrty totally different from the direct light of the candle. 
The direct light would have i)enetrated the second plate equally 
well in all directions, whereas the refracted ray will only pass 
through it in* particular positions, and is altogether incapable of 
penetrating it in others. The refracted ray is polarized in its 
])assage through the first tourmaline, and experience shows that 
it never loses that proi^rly, unless wl)cn acted upon by a new 
substance. Thus, one of the properties of polarized light is the 
incapability of passing throu^ a plate of tourmaline perpendi- 
cular to it, in certain positions, and its ready transmission in other 
positions at right angles to the former. 

Many other substances have the property of polarizing light. 
If a ray of light falls upon a transparent medium, which has tlie 
same temperature, density, and structure throughout every part, 
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as^ Stiids, gases, glass, &c,, and a few fegularly crystallized 
minerals, it is refracted into a single pencil of light by the laws 
of ordinary refraction, according to which the ray, passing through 
^le refracting surface from the object to the eye, never quits a 
plane perpendicular to that surface. Almost all other bodies, 
such as the greater number of crystallized minerals, animal and 
vegetable substances, gums, resins, jellies, and all solid bodies 
having unequal tensions, whether from iiilequal temperature or 
pressure, possess the property of doubling the image or appear- 
ance of an object seen through them in certain directions ; 
because a ray of natural light falling upon them is refracted into 
two pencils which move ^vith different velocities, and arc more or 
less separated, according to the nature of the body and the direc- 
tion of the incident ray. Whenever a ray of natural light is thus 
divided into two pencils in its passage through a substance, both 
of the transmitted rays are polarized. Iceland spar, a carbonate 
of lime, which by its natural cleavage may be split into the 
form of a rhombohedron, possesses the property of double refrac- 
tion in an eminent degree, as may bo seen by pasting a piece of 
paper, with a large pin-hole in it, on the side of the si)ar laithest 
from the eye. . The hole will appear doubJe when held to tlie 
light (N. 206). One of these pencils is refi acted according to the 
same law as in glass or wafer, never quitting the plane perpen- 
dicular to the refracting surface, and is therefore called the ordi- 
nary ray. But the otlier docs quit the plane, being refracted 
according to a diflerent and much moVe complicated law, and on 
that account is called the extraordinaiy ray. For the same 
reason one inlago is called the ordinary, and the other the extra- 
ordinary image. When the sjjar is turneil round in the same 
plane, the extraordinary image of the hole revolves about the 
onlinary image, which lemains fixed, both l>eing equally bright. 
But if the sim he kept in one position, and viewed through a 
plate of tourmaline, it will he found that, as the tourmaline 
revolves,* the images vary in their relative brightness — one in- 
creases in intensity till it arrives at a maximum, at the same 
time that the other diminishes till it vanishes, and so on alter- 
nately at each quarter revolution, ])roving both rays to he 
polarized. For in one position the tounnaliue transmits the 
ordinary ray, and reflects the extraordinary ; and, after revolving 
90^, the extraordinary ray is transmitted, and the ordinary ray is 
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reflected. Thus another property' of polarized light is^ thitt it 
cannot be divided into two equal pencils by double refraction, in 
positions of the doubly refracting bodies in which a ray of common 
light would be so divided. 

Were tourmaline like other doubly refracting bodies, each of 
the transmitted rays would be double ; but that mineral, when of 
a certain thickness, after separating the light into two polarized 
pencils, absorbs that which undergoes ordinary refraction, and 
consequently shows only one image of an object. On this account 
tourmaline is peculiarly fitted for analyzing polarized light, whi<^ 
shows nothing remarkable till viewed through it or something 
equivalent. 

The pencils of light, on leaving a double refracting substance, 
are ])arallel ; and it is clear, from the preceding experiments, 
that they are polarized in planes at right angles to each otl»er 
(N. 206). But that will be better understood by considering tbe 
change produced in common light by tbe action of the polarizing 
body. It has been shown that the undulations of ether, which 
produce the sensation of common light, arc performed in every 
possible i)lano, at right angles to the direction in which the ray 
is moving. But tlie case is very different after tl\e ray has p^ed 
through a doubly rcfi acting substance, like Iceland span, 
light then jirocceds in two parallel |.cncils, whose un^wup^iis 
are still indeed transveise to thef direction of the they 

are accomplished in planes at right angles to one and|||k^ analo- 
gous to two parallel stretched cords, one of which 'performs ifs 
undulations only in a horizontal plane, and the other in a vertiN^l* 
or upright plane (N. 20G). Thus the polarizing action of Ictiand 
spar and of all doubly refracting substances is to sepan^>a ray 
of common light, whoso waves or undulations are in every plane, 
into two parallel rays, whose waves or undulations lie in planes 
at right angles to each other. By a simple mechanical law each 
vibratory motion of the first is resolved into two vibratory 
motions at right angles to one another. The rayorcommto 
light may be assimilated to a round rod, whereas the iwatlplaro 
ized rays are like two parallel long flat rulers, one of^which^ is 
laid horizontally on its broad surface, and the other horizogMly 
on its edge. The alternate transmissfon and obattuctidi^ of one 
of these flattened beams by the tourmaline is similar to the 
facility with which a card may be passed between the bare of a 
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or wires of a cage, if presented edgeways, and the impos- 
sihility of its passing in a transverse direction. 

Althou^ it generally happens that a ray of light, in passing 
throu^ Iceland spar, is separated into two polarized rays, yet 
there is one direction along which it is refracted in one ray only, 
and that according to the ordinary law. This direction is called 
^e optic axis ^N. 207). Many crystals and other substances 
have two optic axes, inclined to each other, along which a ray of 
light is transmitted in one pencil by the law of ordinary refrac- 
tion. The extraordinary ray is sometimes refracted towards the 
optic axis, as in quartz, zircon, ice, &c., which are therefore said 
to be positive crystals ; but \v''hen it is bent from the optic axis, 
as in Iceland spar, tourmdline, emerald, beryl, &c., the crystals 
are negative, which is the most numerous class. The ordinary 
ray moves with uniform velocity within a doubly refracting sub- 
stance, but the velocity of the extraordinary ray varies with the 
position of the ray relatively to the optic axis, being a maximum 
when its motion within the crystal is at right angles to the 
optic axis, and a mininftm when parallel to it. Between these 
extremes its velocity varies acconling to a dcteiminatc law.* 

It had been infened, from the action of Iceland spar on light, 
that in all doubly refracting subhtapccs one only of tuo lays is 
turned aside from the plane of ordinary refraction, while the 
other follows the ordinary law; and the great difficulty of 
observing the phenomena tended to confirm that opinion. M. 
Fresnel, however, proved by a most ])rofound mathematical 
inquiry, a priori^ that the extraordinary lay must be wanting in 
glass and other uncrystallized substances, and that it must 
necessarily exist in carbonate of lime, quartz, and other bodies 
having one optic axis, but that inanumemus class of substances, 
which ixissess two optic axes, both rays must undergo extraor- 
dinary refraction, and consequently that both must deviate from 
their original plane ; and these results have been jierfectly con- 
firmed by subsequent experiments, lliis theory of refraction, 
whigh for 'generalization is perhaps only inferior to the law of 
gravitation, has enrolled the name of Fresnel among those which 
pass not away, and makes his early loss a subject of deep regmt 
to all who take an interest in the higher paths of scientific 


, When a beam of common light is partly reflected at^ and 
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partly transmitted through a transparent surface, the reflected 
and refracted pencils contain equal quantities of polarized light, 
and their planes of polarization are at ri^t angles to one 
another : hence, a pile of panes of glass will give a polarized 
beam by refraction. For, if a ray of common light pass through 
them, part of it will be iX)larizod by the first plate, the second 
plate will polarize a part of what passes through it, and the rest 
will do the same in succession, till the whole beam is polariz^, 
except what is lost by reflection at the different surfaces, or by 
absorption. This beam is polarized in a plane at right angles to 
the plane of reflection, that is, at right angles to the plane pass- 
ing through the incident and reflected ray (N. 208). 

By far the most convenient way \)f polarizing light is by 
reflection. A plane of plate-glass laid u]X)n a piece of black 
cloth, on a table at an open window, will appear of a uniform 
brightness from the reflection of the sky or clouds. But if it be 
viewed through a plate of tourmaline, having its axis vertical, 
instead of being illuminated as bofore^it will he obscured by a 
largo cloudy spot, having its centre quite dark, which will 
ixjadily lie found by elevating or depressing the eye, and will 
only be visible when the angle of incidence is 67°, that whej\ 
the line from the eye to the centre of the black spot mmccs aii 
angle of 33° with the surface of the reflector (N. 200^ When 
the tourmaline is turned round in its own plane, the dark cloud 
will diminish, and entirely vanish when the axis of the tourma- 
line is horizontal, and then every part of the surface of the glass 
will he equally illuminated. As the tounn aline revolves, the 
cloudy spot will appear and vanish alternately at every quarter 
revolution. Thus, when a ray of light is incident on a pane of 
plate-glass at an angle of 57°, the reflected ray is rendered 
iiicapahlo of penetrating a plate of tourmaline whose axis is in 
the plane of incidence,. Consequently it has acquired the same 
character as if it had been polarized by transmission through a 
plate of toiinnaline, with its axis at right angles to the plane of 
i-eflection. It is found by exjxjrience that this polarized i^y is 
incapable of a second reflection at certain angles and in certain 
positions of the incident plane. For if another pane of plate- 
glass, having one surface blackened, be so placed as to make an 
angle of 33° with the reflected ray, the image of the first pane 
^ill be reflected in its surface, and will be alternately illuminated 
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and obscuted at every quarter revolution of the blackened pane, 
according as the plane of reflection is parallel or perpendicnlar to 
the plane of polarization. Since this happens by whatever means 
the light has been polarized, it evinces another general pioperty 
of polapzed light, which is, that it is incapable of reflection in a 
plane at right angles to the plane of polarization. 

All reflecting surfaces are capable of polaii/mg light, but the 
angle of incidence at which it is completely polaiized is different 
in each substance (N. 210) It appears that the angle for plate- 
glass IS 57°, in ciown-gliss it is 66° 55', and no ray will be 
completely polarized by water unless the angle of incidence be 
53° 11'. The angles at which diflcront substances polaiize light 
aie determined by’’ a v^ry simple and elegant law, discoveied by 
Sir David Brewster, “ That the tangent of the polarizing angle 
for any medium is equal to the sine of the angle of inculcnGe 
divided by the sine of the angle of refi iction of that medium ** 
Whence also the lefraqtive powei even of an opaque body is 
known when its pol|irizing angle has been determined. 

If a ray, polarized by lefiaction oi by leflection from any 
substance not metallic, be viewed thiough a piece of Iceland 
spar, each image will alternately vanish and reappear at eveiy 
quaiter revolution of the spai, whethci it i evolves from iighj; to 
left or from left to right , which shows that the properties of 
the polarized ray aie symmetrical on each side of the plane of 
polarization. 

Although there be only one angle m each substance at which 
light IS completely polaii/cd bv one reflection, yet it may be 
pol inzed at any angle of incidence by a Sufficient number of 
reflections. Foi, if a ray falls ui)on the uppd surface of a pile of 
plates of glass at an angle gieotei oi less than a polarizing angle, 
a pait only of the leflected i ly will be polarized, but a part of 
what IS transmitted will he jiolarized by leflection at the surface 
of the second plate, part at the thud, and so on till the whole is 
polarized. This is the best apparatus , hut one plate of glass 
having its inferior surface blackened, or e\ en a polished table, 
will answer the purpose. 
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• 

Phenomena exhibited by the Passage of Polarized Light through Mica and 
Sulphate of Lime — The Coloured Images produced by Polarized Light 
•passing through Crystals haring one and two Optic Axes — Circidar 
Polarization — Elliptical Polarization — Discoveries of MM. Biot, Fresnel, 
and Professor Airy — Coloured Images produced by the Interference pf 
Polarized Kays ■ — Fluorescence. ■ 

SuoH is the nature of polarized light and of the laws it foUpws. 
But it is hardly possible to convey an idea of the splendour of the 
phenomena it exhibits under circumstances, which an attempt 
will now be made to describe. 

If light polarized by reflection from a pane of glass be viewed 
through a plate of tourmaline, withtits iongitudinal section 
vertical, an obscure cloud, with its centre totally dark, will bo 
seen on the glass. Mow, let a plate of mica, uniformly about the 
thirtieth of an inch in thickness, be interposed between rile 
tourmaline and the glass ; the dark spot will instantly vanishj 
and, instead of it, a succession of the most gorgeous colours 1^11 
appear, varying with every inclination of tlie mica, frojsi; the 
richest reds,, to the most vivid greens, blues, and nu|||[bs (N. 
211). That they may be seen in perfection, th|||{|||ck must 
revolve at right angles to its own plane. Wheii^^Jfe inica is 
turned round in a’ plane perpendicular to the polarized ray, it 
will be found that there are two lines in it wh^e the colours 
entirely vanish,. These are the optic axes of the iniea, which is 
a doubly refracting substance, with two optic axes(; along which 
light is refracted in one pencil. 

No colours are visible in the mica, whatever it9 position may 
be with Regard to the polarized light, without the aid of the 
tourmaline, which separates the transmitted ray intdi^ two 
pencils of coloured light complementary.to one aWo^isr^ 
which taken together would make white light. 6tie of ^ose 
it absorbs, and transmits the other ; it is thcrcfoto called the 
analyzing plate. The truth of this will appear mora ieai^ly if a 
film of aulphate of lime, between the twentieth imd sixtferii; of 
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an inch thick, be used instead pf the mjca. When the film is 
of uniform thickness, only one colour will be seen when it is 
placed between the analyzing plate and the reflecting glass ; as, 
for example, red. But, when the tourmaline revolves, the red 
will vanish by degrees till the film is colourless; then it will 
assume a green hue, which will increase and arrive at its maxi- 
mufti when the tourmaline has turned through ninety degrees ; 
after that, the green will vanish and the red will reappear, 
alternating at each quadrant. Thus the*tourmaline separates the 
light which has passed through the film into a red and a green 
pencil ; in one position it absorbs the green and lets the red pass, 
and in another it absorbs the red and transmits the green. This 
is proved by analyzing the . ray with Iceland spar instead of 
tourmaline ; for, since the spar does not absorb the light, two 
images of the sulphate of lime will be seen, one red and the 
other green ; and these exchange coldui*s every quarter revolution 
df the spar, the red becoming green, and the green red; and. 
Where the images* overlap, the colour is white, proving the red 
and green to he complementary to each other. * The tint depends 
on the thickness of the film. Films of sulphate of lime, the 
0*00124 and 0*£)1818 of an inch respeefively, give white light in 
whatever position they may be held, provided they bo perpen- 
dicular to the polarized ray ; but films of intermediate thickness 
will give all colours. Consequently, a wedge of sulphate of lime, 
varying in thickness bctweqp the 0*00124 and the 0*01818 of an 
inch, ^vill appear to be striped with all colours when j)olarized 
light is transmitted through it. A change in the inclination of 
the film, whether of mica or sulphate of lime, is evidently equiva- 
lent to a variation in thickness. 

• When a plate of mica, held as dose to the eye as possible, at 
such an inclination as to transmit the polarized ray along one of 
its optic axes, is viewed through the tourmaline with its axis 
vertical, a most splendid appearance is presented. 'J’he cloudy 
spot in the direction of the optic axis is seen surrounded by a set 
of vividly coloured rings of an oval form, divided into two 
unequai parts by a black curved band passing through the cloudy 
spot abbut which the rings are formed. The other optic axis of 
the mica exhibits a similar image (N. 212). 

When the two optic axes of a crystal make a small angle with 
one another, as in nitre, the two sets of rings touch extemalljr ; 
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and, if the plate of nitre be tt^med round in its 
black transverse bands undergo a varfety of changes, iillj at 1^1, 
the whole richly coloured image assumes the torm of tbe figure 
traversed by a black cross (N. 213). Substances ^th one pjiiic 
axis have but one set of coloured circular rings, 
black cross passing through its centre, dividingi|itibe iuto 
four equal parts. When the analyzing plate revolves!^ tWs 
recurs at every quarter revolution; but in the interineiSate p^i- 
tions it assumes the complementary colours^ the black pross 
becoming white. V 

It is in vain to attempt to describe the beautiful phenoihena 
exhibited by innumerable bodies which undergo periodic changes 
in form and colour when the analyzing plate revolves, but not . 
one of them shows a trace of colour without the aid of tourmaline, 
or something equivalent, to analyze the light, and as it were to 
call these beautiful phantoms into existence. Tourmaline has 
the disadvantage of being itself a coloured substance ;^ut that 
inconvenience may bo obviated by employing a reflectS^&rface 
.as an analyzing 'plate. When polarized light is renlS^by a 
plate of glass at the polarizing angle, it will be separated iiitb two ‘ 
coloured pencils ; and, When the analyzing plate js turned round 
in its own jdane, it will alternately reflect each ray at evflfy - 
quarter revolution, so that all the phenomena that have Ifeen 
described will be seen by reflection on its surface. 

Coloured rings are produced bj analyzing polarized light 
transmitted through glass melted and suddenly or unequally 
cooled ; also through thin plates of glass bent with the hand, Jolty 
indurated or compressed, &c. &c. In short, all the phenomUBa 
of coloured rings may be produced, either permanently or tfcsn-. 
sieritly, in a variety of substances, by heat and cold, rapld^c^ling^ 
compression, dilatation, and induration ; and so little apparatus 
is necessary for performing the experiments, that, as Sir John 
Herschel says, a piece of window glass or a polished table to 
polarize the light, a sheet of clear ice to produce the iin|8, and a 
broken fragment of plate-glass placed near the eye tcMnalyze the 
light, are alone requisite to produce one of the most splendid of 
optical exhibitions. 

Pressure produces remarkable changes in the optical prop^iei 
of crystals. Compression, perpendicular, to the axis, transfolnp 
a’ crystal with one optic axis into one with two. A sliicie of 
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and one of beryl, both cut perpendicularly to their axis, 
ij^re compressed thus by MM. Meignot and ^leil. They 
found that the single system ii^ the quartz, which is a positive 
Orystal, was doubled in the direction of the compression, while 
in the beryl, which is a negative ciystal, the duplication was 
p!pg)ehdicular% the compression. In the quartz the axis of the., 
double system coincided with the line of pressure, but in the 
tourmaline, which is a negative crystal, the lino whicli joins the 
dentres of the rings was perpendicular to the pressure. 

If a positive crystal he compressed in the direction of its axis 
the tint of the rings descends, and that of a negative crystal 
rises. But if the ^crystals be dilated in the direction of their 
optic axis, the tints in positive crystals rise, and negative 
, ^descend. 

has been observed, that when a ray of light, polarized by 
reflection from any surface not metallic, is analyzed by a doubly 
refracting substance, it exhibits properties which are symmetrical 
both to the right and loft of the plane of reflection, and the ray 
is then said to he polarized according to that plane. This sym- 
metiy is not destroyed when the ray, before being analyzed, 

‘ traverses the optic axis of a crystal Laving but one optic axis, as 
evidently appears from tlie circular forms of the coloured rings 
already described. Regularly crystallized quartz, however, forms 
an exception. ’In it, even though the rays Should pass througli 
the optic axis itself, where there is no double refraction, the 
primitive symmetry of the ray is destroyed, and the plane of 
primitive polarization deviates either to the right or left of the 
observer, by an angle proportional to the thickness of the plate 
of quartz. This angular motion, or true rotation of the plane of 
polarization, which is called circular polarization, is clearly 
proved by the phenomena. The coloured rings produced by all 
crystals haying but one optic axis are circular, and traversed by 
a black cross concentric with' the rings ; so that the light entirely 
vimishes throughout the space enclosed by the interior ring, 
because there is neither double refraction nor polarization along 
the optic axis. But in the system of rings produced by a plate 
of qu^tz, whose surfaces are perpendicular to the axis of the 
crystal, the part within the interior ring, instead of being void of 
light, is occupied by a uniform tint of red, green, or blue, 
according to the thickness of the plate (N, 214). Suppose the 
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plate of quartz to be of aii iucb-fti^lry trbiob will give the red 
tint to the space within the interior ring; when the analyzing 
plate is turned in its own plaice through angle of the 
red hue vanishes. If a plate of rock crystal ^ of an indh thick 
be used, the analyzing plate must revolve thro^h 359 before 
,the red tint vanishes, and so on, every additional %th of an inch 
in thickness requiring an additional rotation of 17}^; whence it 
4 S manifest that the plane of polarization revolves in the direction 
of a spiral within the rock crystal. It is remarkable that, in some 
crystals of quartz, the plane of polarization revolves from right to 
left, and in others from left to right, although the crystals them- 
selves differ apparently only by a very slight, almost imper- 
ceptible, variety in form. In, these phenomena the rotation to 
the right is accomplished according to the same laws, and with 
the same energy, as that to the left. But if two plates of quartz 
be interposed, which possess different affections, the second plate 
undoes, either wholly or imrtly, the rotatory motion which the 
first had produced, according as the plates are of equal or unequal 
thickness. When the plates are of unequal thickness, the devia- 
tion is in the direction of the strongest, and exactly tkfiiSamG 
with that which a third plate would produce equal in jpi^ess 
to the difference of the two. 

M. Biot has discovered the same properties in a variety of 
liquids. Oil of turpentine, and an essential oil Of laurel, cause 
the plane of polarization to turn to the left, whereas the syrup 
of sugar-cane, and a solution of natural camphor, by alcohol, turn ^ 
it to the right. A comiieiisation is effected by the superi) 08 ition 
or mixture of two liquids which possess these opposite ptbperties,. 
provided no chemical action takes place. A remarkable differ- 
ence was also observed by M. Biot between the action of the 
particles of the same substances when in a liquid or solid state. 
The syrup of grapes, for example, turns the plane of polarization 
to the loft as long as it remains 'liquid ; but, as soon as it 
acquires . the solid form of sugar, it causes the plane of polari- 
zation tg revolve towards the right, a properly which it retains 
even when a^n dissolved. Instances occur also in which these 
oiroumstances are reversed. 

A ray of light passing through a liquid possessing ^he power 
of circular polarization is not affected by mixing other fluids 
with the liquid — such as water, ether, alcohol, dro — ^which 
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do not possi^ clrcuUir poUu^tion theitMidyee^ the tatgU of 
devi^W xen^ exactty the same aa before the mistniov; 

M* Biot the action exercised by the liquids 

^ qn^ticm does not depend upon their mass, but that it is a 
molecular Sctio^ exercised by the ultimate particles of matter, 
which depends solely upon the individual cofistitution, and is 
entirely independent of the positions and mutual distances of 
the particles with regard to each other. These important dis- 
coveries show that circular polarization surpasses the power of 
chemical analysis in giving certain and direct evidence of the 
similarity or difference existing in the molecular constitution of 
bodies^ as well as of the permanency of that constitution, or of 
the fluctuations to which it may ha liable. For example, no 
chemical difference has teen discovered between synip from the 
sugar-cane and syrup from grapes. Yet the first causes the 
plane of polarization to revolve to the right, and the other to 
the left ; therefore some essential difference must exist in the 
nature of their ultimate molecules. The same difference is to 
he traced between the juices of such plants as give sugar similar 
to that from the cane, and those which give sugar like that* 
obtained from grapes. 

If chlorate of soda be dissolved in water, the liquid has no 
circular polarization ; hut if the solution be allowed to crystallize, 
some of the crystals turn the light to the right and others to the 
left. Now, if all those of one kind bo gathered together and 
dissolved a second time, the liquid will have no circular polariza- 
tion ; but if crystals be allowed to fonn, some will turn the light 
to the right and others to the left, although only one kind was 
dissolved.* 

It is a fact established by M, Biot, that in circular polariza- 
tion the laws of rotation followed^by the different simple rays of 
light are dissimilar in different substances. Whence he infers 
that the deviation of the simple rays from one another ought 
not to result from a sijecial property of the luminous principle 
only, but that the proper action of the molecules must alsoooncur 
in modifying the deviations of the simple rays differently in 
different sujtotances. 

One of tito n^any brilliant discoveries of M. Fresnel is the prd- 


* M. Marbach of Breslau. 
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duction of circulur aud elliptical pdarization by the interDal 
reflection of light from plate-glass. He has shown that» if light 
polarized by any of the usual methods be twice reflected within 
a glass rhomb (N. 169) of a given form, the vibrations of the 
ether that are perpendicular to the plane of incidence will be 
retarded a quarter of a vibration, which causes the vibrating 
particles to describe circles, and the succession of such vibrating 
particles throughout the extent of a wave to form altogether a' 
circular helix, or curve like a corkscrew. However, .that only 
happens when the plane of polarization is inclined at an angle of 
45^ to the plane of incidence. When these two planes form an 
angle either greater* or less, the succession of vibrating particles 
forms an elliptical helix, which curve may be re|RtiSented by 
twisting a thread in a spiral about an oval rod. ^ese curves 
will turn to the right or left, according to the position of the 
incident plane. 

The motion of the ethereal medium in elliptical and circular 
lx)larization may be represented by the analogy of a stretched 
cord ; for, if the extremity of such a cord be agitated at equal 
and regular intervals by a vibratory motion entirely eon^d to 
one plane, the cord will be thrown into an undulatin^Chrve 
lying wholly in that plane. If to this motion there be super- 
added another similar and equal, but perpendicular to the first, 
the cord will assume the form of an elliptical helix ; its ex- 
tremity will describe an ellipse, and every molecule throughout 
its length will successively do the same. But, if the second 
system of vibrations commence exactly a quarter of an imdulation 
later than the first, the cord will take the form of a circular 
helix or corkscrew, the extremity will move uniformly in a 
circle, and every molecule throughout the cord will do the same 
in succession. It appears, therefore, that both circular and ellip- 
tical polarization may be produced by the composition of the 
motions of two rays in which the particles of ether vibrate in 
planes at right angles to one another. 

Professor Airy, in a very profound and able paper published 
in the Gambijidge Transactions, h{is proved that all the different 
kinds of polarized light are obtained from rock*cry^. When 
polarized lighii is transmitted through the axis qf a crystal of 
quartz, in the emergent ray the particles of ether move in a 
circular helix ; and when it is transmitted obliquely so as to 
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angle with ihe axis of the prisixi/ tie particles of ether 
mollain an elliptical helix, the ellipticity increasiitjg with the 
obliquity of the incident ray; so that, when the incident ray 
falls perpendicularly to the axis^ the particles of ether move in a 
straight line. Thus quartz exhibits every variety of elliptieal 
polarization, even including the extreme cases where the excen- 
tricity is zero, or equal to the greater axis of the ellipse (N. 215). 
In many crystals the two rays are so little separate, that it is 
only from the nature of the transmitted light that they are kno^Yn 
to have the property of double refraction. M. Fresnel discovered, 
by experiments on the properties of light passing through the axis 
of quartz, that it consists of two supeTi)Oscd rays, moving .witli 
different velocities ; and Professor Airy has shown that in these 
two rays the molecules of ether vibrato in similar ellipses at 
right angles to each other, but in different directions ; that their 
ellipticity varies with the angle which the incident ray makes 
with the axis ; and that, by the composition of their motions, 
they produce all the phenomena of polarized light observed in 
quartz. 

It appears, from w’hat has ,been said, that the molecules of 
ether always perform their vibrations at right angles to the 
direction of the ray, but very differently in the various kinds of 
light. In natural light the vibrations are lectilincar, and in 
every plane. In ordinary polarized light they aro rectilinear, 
but confined to one plane ; in circular polarization the vibrations 
are circular ; and in elliptical polarization the molecules vibrate 
in ellipses. These vibrations are communicated from molecule 
to molecule, in straight lines when they are rectilinear, in n 
circular helix when they are circular, and id an oval or elliptical 
helix when elliptical. 

Some fluids possess the property of circular i)olarization natur- 
ally, as oil of turpentine, the essential oils of laurel and lemon, 
sugar of grapes, and various liquids. 

Elliptical polarization is produced by reflection from metallic 
surfaces. Mr. Baden Powell discovered it also in the light re- 
flected from China ink, chromate of lead, plumbago, &o.^ .Mr, 
Airy observed that the light teflected from the diamond is ellip- 
tically polarized ; and Mr. Jamin has shown that this kind of 
polarization is generally produced by reflection from almost all 
transparent bodies, whatever their refractive power may be. 
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especially f^om glass at angles very little different from the^K^r 
of the tangents. 

Water polarizes light circulariiy when between the points of 
maximum density and solidification ; hence it becomes crystalline. 

A'he coloured images from polarized light arise from the inter- 
ference Of the rays (N. 216). MM. Fresnel and Arago found 
that two rays of polarized light interfere and produce coloured 
fringes if they be polarized m the same plane, but ttat they do 
not interfere when polarized in different planes. In all inter- 
mediate positions, fringes of intermediate brightness are produced. 
The analogy of a stretched cord will show how this happens. 
Suppose the cord to be moved backwards and forwards horizon- 
tally at equal intervals ; it will be thrown into an undulating 
curve lying all in one plane. If to this motion there be super- 
added another similar* and equal, commencing exactly half an 
undulation later than the first, it is evident that the direct motion 
every molecule will assume, in consequence of the first system 
of waves, will at every instant ho exactly neutralized by the 
retrograde motion it would take in virtue of the ‘second; and the 
cord itself will bo quiescent in* consequence of the interferettle. 
But, if the second system of waves be in a plane perpendicular 
to the first, the effect would only be to twist the rope, so that no 
interference would take place, Rays polarized at right angles 
to each other may subsequently be brought into the same plane 
without acquiring the property of producing coloured fringes ; 
but, if they belong to a pencil the whole of which was originally 
polarized in the same plane, 'they will interfere. 

The manner in which the coloured images are fonned maj- 
be conceived by cofisidering that, when polarized light passes 
through the optic axis of a doubly refracting substance,— as 
mica, for example,— it h divided into two i>encil8 by the analyz- 
ing tourmaline ; and, as one ray is absorbed, there* can bo no 
interference. But, when polarized light i)asses through the mica 
in any other direction, it is •separated into two white rays, and 
those are again divided into four |iencils by the tourmaline, 
whioli absorbs two of them; and the other two, being trans- 
mitted* in the same plane with different velocities, interfere and 
produce the coloured phenomena. If the analysis be made with 
Iceland spar, the single ray passing through the optic axis of the 
piica will be refracted into two rays, polarized in different planes. 
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and no interference will happen. But, jirben two raye are tnuis- 
mitted by the midi, they wiU be separated into four by the spar, 
two of which will interfere to form one image, and the other two, 
by their interference, will produce tlie complementary colours of 
the other image when the spar has revolved through 90® ; be- 
cause, in such positions of the spar as produce the colom'cd 
images, only two rays are visible at a time, the other two being 
mflected. When the analysis is accomplished by reflection, if 
two rays are transmitted . by the^.mica, they are polarized iu 
planes at right angles to each other. And, if the plane of reflec- 
tion of either of these rays be at right angles to the plane of 
polarization, only one of them will be reflected, and therefore no- 
interference can take place ; but in all other ix)sitions of tho 
analyzing plate both rays will be reflected in the same plane, an«l 
consequently will produce coloured rings by their interference. 

It is evident that a great deal of the light we see must be 
polarized, since most bodies which have the power of reflecting 
or refracting light also have the i) 0 wer of polarizing it. The 
blue light of the sky is completely polarized at an angle of 74® 
from the sun in a plane })assing through his centre. 

A constellation of talent almost unrivalled at any period in 
the history of science has contributed to the ihepry of iX)lariza- 
tion, though the original discovery of that property of light was 
accidental, and arose from an occun-ence which, like thousands 
of otlicrs, would have passed unnoticed liad it not happened to 
one of those rare minds callable of drawing the most important 
inferences from circumstances ai)parently trifling. In 1808, 
\vhile M. Mains was accidentally viewing with a doutily- 
refracting prism a brilliant sunset reflected from the windows of 
the Luxembourg Palace in Paris, on turning the ^rism slowly 
round, he was surprised to see a very greaj; difference in the in- 
tensity of the two images, the most refracted alternately changing 
from brightness to obscurity at each quadrant of revolution. A 
phenomenon so unlooked for induced him to investigate its 
cause, whence sprung one of the most elegant and refined 
branches of physical optics. 

Fluorescence, or the intemal dispersion of light, though far from 
possessing the beauty or extensive consequences of polarized light, 
is scarcely less vronderful. A variety of substances, such as 
canary-glass, a solution of stilphate of quinine, fluor-spar, and 

K 2 
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a great number of organic substances, have the property of 
diminishing the refrangibility of light by internal dispersion, 
consequently of increasing the length of the waves, and lowering 
the colour in the prismatic scale ; it is therefore called degraded 
light, or fluorescence, because first discovered in fluor-spar.. 

If a piece of glass coloured by cobalt be fixed in a hole in a 
window-shutter of a dark room, a slab of white porceliun placed 
near it will appear blue; but if the slab be viewed through a 
yellow glass qploured by silver, it will appear to be almost quite 
black, because the yellow glass absorbs all the rays transmitted 
by the blue glass. If, however, a piece of canary-glass be ^d 
on the slab while it is dark, every part of the canary-glaB& will 
shine as if it were self-luminous, and with so bright a light that 
anything written on the slab that was invisible before may now 
be distinctly^read. Such is the singular phenomenon of internal 
dispersion, degraded light, or fluorescence. The brightness is 
by no -.means due to phosphorescence, because the canary-glasii 
only shines when under the influence of the* active or blue rays* 
whereas phosphorescent bodies shine by their own light— the 
latter has independent, the former dependent, emission ; it is 
possible, however, that a connexion may hereafter bo traced be- 
tween them. , 

It appears from the analytical investigation of this pheno- 
menon that the vibrations of the fluorescent substance are ana- 
logous to those of a sonorous body, ^s a bell or musical cord, 
which give the fundamental note and its harmonics^ Now since 
there is a reciprocal action* between the molecules of matter and. 
light, when the light of the sun is absorbed by a substance 
capable of fluorescence; it puts the whole of its molecules into 
vibrations the same as its own, analogous to the fundamental 
note, while at the same time a certain number Of molecules take 
more rapid vibrations exactly like the harmonics. The latter 
•form new centres of light throughout the substance. Which 
impart their vibrations to the ethereal medium around, and con- 
stitute fluorescence or degraded light. For example, in the 
experiment that has been described, the blue light imparted its 
own vibrations to aJL the molecules of the canary-glass, and also 
more rapid vibrations to a certain number of them. All of the 
blue rays were excluded by the yellow glass held before the eye ; 
but it was pervious to the rays emanating in more rapid vibra-^ 
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lions from the smaller number of molecules, which thus b^amo 
really new centres of light, different from Jhe sun’s light, though 
owing to it ; the one celestial, the other terrestrial ; and the latter 
vibrations being more rapid than those of the blue light, their re-' 
frangibility was less, and therefore their colour lower in the pris- 
matic scale. Mr. Power computed from his formula*, that fluor- 
escent light is produced by undulations which are a major or 
minor third below the pitch of the general vibration "of the 
medium — that is to say, bejow the vibrations which the whole 
molecules of the body most readily assume. 

Professor Stokes, of Cambridge, wlio made the preceding ex- 
I>eriment, found .that the chemical rays from a point in the 
solar spectrum produced, in a solution of the sulphate of qui- 
nine, light of a sky-blue colour, which emanates in all directions 
from the liquid, and that this blue fluorescent light contains, 
when analysed, all the rays of the spectrum ; hence he inferred 
that the dispersive power or fluorescence had lowered the re- 
frangibility of the chemical rays, so as to make th(;m visible : 
and Sir David Brewster observes that the new spectrum, ol all 
coloflrs into which they were transformed, must possess the 
extraordinary property of being a luminous sj)ectrum, either 
without cheiHical rays or full of them. The dispersion in the 
quinine solution is greatest near the surface, but the blue ema- 
nation proceeds from every part of the liquid ; and Sir John 
Herschel, who discovered the fluorescent projxjrty in this liquid, 
and gave it the name of epipolic light, found that the remainder 
of the beam, when it issued from tlie solution, though not 
apparently different from the incident white light, is yet so 
much changed in passing tlirough the liquid, that it is no longer 
capable of producing fluorescence, though still capable of common 
dispersion. The blue light from the solution of quinine, when 
examined, consisted of rays extending over a gi-eat part o( tie 
spectrum.* 

Bypassing a sunbeam through a bluish kind, of fluor-spar, 
Sir David Brewster perceived that the blue colour is not super- 
ficial, as it appears to be, but that some veins in the interior of 
the' crystal disperse blue light, others pink, and even white 
li^t ; in short, he met with fluorescence in such a variety of 
substances, that he concludes it may prevail more .or less in tlie 
greater number of solids and liquids. 
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Professor Draper, of New York, proved that the result is the 
same whether the ingdent light be polarized or not^ and. that 
the dispersed or degraded light is never polarized, but that it 
emanates in all directions, as if the substance were self-luminous ; 
he made experiments ^ with light from all parts of the solar 
S[)ectrum, and with various substances, and always found that 
tlie refrangibility of the incident ray was diminished by internal 
dispersion, and that the colour was changed to suit the new re- 
frangibility. Professor Draper has also shown that the law of 
action and reaction prevails in all the phenomena of the sunbeam, 
as in every other department of nature ; so that a beam cannot 
be reflected, refracted, much less absorbed, without producing 
some change upon the recipient medium ; and Mr. Power proved 
analytically that the solar rays can exercise no action upon any 
medium through ..which they are transmitted, without being 
accompanied by a diminution of refraction. ^ He says, “ The 
new light emanating from the fluorescent media is' just like any 
other light of the same prismatic composition.* In its physical 
properties it retains no trace of its parentage ; it is of terrestrial 
origin, and its colour ^depends simply on its new refrangibility, 
having nothing to do with that of the producing rays, nor to the 
circumstance of their belonging to the visible or 'invisible pj^t 
of the spectrum.” These phenomena can only be explaine^^ 
the undulatory theory of light. 
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SECTION XXIII., 

Objections to the Undulatory Tlieoiy, fiom, a diffeience m the Action of 
Sound and Light undei the same ciicumstanc(»,Temo\ed— The Dispei- 
sion of Light according to the UnduUtoiy Ihtory -7 Aiago’s final proof 
that the Undulatory Iheoiy is the Law of Natuie 

The numerous phenomena ol peiiodieal colours arising from the 
interference of light, which do not admit of satisfactoiy explana- 
tion on any other principle than the undulatory thcoiy, aie the 
stiongest ar^umontb m lavoui of tint hy][)othcsis , and e^en 
cases which at one time seemed unfavomable to that doctimo 
liave pioved up<5n investigation t6 pioc^ed from it alone Such 
IS the ertoneous objection which has been made, in consequence 
of a difference m the mode of action of light and sound, under 
the same Cl icmn stances, m one imitu iiUi instance. When a 
*Tay of light from a luminous point, .md a diveiging sound, are 
both transmitted tliiough a \eiy small hole into a daik looni, 
the light goes straight forwaid and illuiniuatcs a small spot on 
the opposite wall, leaving the itst 111 daikncss , whcieis the 
sound on entering diveiges m all diiections, and is heard in 
every part of the room. These phenomena, however, instead of 
being at variance with the unduUtoiy thcoiy, aie dilcct conse- 
quences of it; aiismg fiom the \ctj ^icat difference between the 
magnitude of the undulations of sound and those of light. The 
undulations of light are mcompaiably less than the minute 
aperture, while those of sound aic much greater,* Tliciefoie 
when hght, divcigmg from a luminous point, enters the hole, 
the rays round its edges are oblique, and consequently of dif- 
ferent lengths, while those in the cf litre aie direct, and neaily 
Ol altogethei oi the same lengths. So that the small undula- 
tions between the centre and the edges aie in diflcient phases, 
that IS, m different states of undulation. Therefore the greater 
number oif them interfeie, and by destroying one another jio- 
diice darkness all around the edges of the apeiture , whereas the . 
central rays, having the same phases, combine, and pioduce a 
spot of blight light on a \sall or screen directly opposite the hole.^ 
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The waves of air producing sound, on the contrary, being very 
large compared with the hole, ‘do not sensibly diverge in passing 
through it, and are therefore all so nearly of the same length, 
and consequently in the same phase or state of undulation, that 
none of them interfere sufficiently to destroy one another. 
Hence all the particles of air in the room are set into a state of 
vibration, so that the intensity of the sound is very nearly 
everywhere the same. Strong as the preceding cases may be, 
the following experiment, made by M. Arago, seems to be deci- 
sive in favour of the undulatory doctrine. Suppose a plat- 
oon vex lens of very great •radius to be placed upon a plate^of 
very highly ix)lished metal. When a ray of polarized light 
falls u^ion this apparatus at a very great angle of incidence, 
Newton’s rings are seen at the point of contact. But as the 
l)olarizing angle of glass differs from that of metal, when the 
light falls on the lens a^ the polarizing angle of glass, the black 
8|X)t and the system of rings vanish. For although light in 
abundance continues to be reflected from the surface of the 
metal, not a ray is reflected from the surface of the glass that 
is in contact with it, consequently no interference can take 
])lace ; which proves beyond a doubt that NewtonV rings result 
from the interference of the light reflected from both the sur- 
faces apparently in contact (N. 199). 

Notwithstanding the successful adaptation of the Undulatory 
system to phenomena, the dispersion of light for a long time 
offered a formidable objection to that theory, which has been 
removed by Professor Powell of Oxford. 

A sunbeam falling on a prism, instead of being refracte4 to a 
single point of white light, is separated into its component 
colours, which are dispersed or scattered unequally over a con- 
siderable space, of which the portion occupied by the red rays is 
the least, and that over which the violet rays are dispersed is the 
greatest. Thus the rays of the coloured spectrum, whose waves 
are of diffeVent lengths, have different degrees of refrangibility, 
and consequently move with different velocities, either in the 
medium which conveys the light from the sun, dt in the refract- 
ing medium, or in both ; whereas rays of all colours come finm 
the* sun to the earth with the* same velocity. If, indeed, 
the velocities of the various rays were different in space, the 
aberration of the fixed stars, which is inversely as the velocity. 
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would be different for different colours, and every star would 
appear as a, spectrum whose length would be parallel to the 
direction of the earth’s motion, which is not found to ^Qteo 
with observation. Besides,* there is no such difference in the 
velocities of the long* and short waves of air in the analogous 
case of sound, since notes of the lowest and highest pitch arc 
heard in the order in which they are stnick. In fact, when the 
sunbeam passes 'from air into the prism, its velocity is dimin- 
ished; and, as its refraction, and consequently its dispersion, 
depend solely upon the diminished velocity of the transmission 
of its waves, they ought to be the same for waves of all lengths, 
unless a connexion exists between the length of a wave and the 
velocity with which it is propagated. Now, this connexion 
between the length of a wave of any colour, and its velocity or 
refrangibility in a given medium, has been, deduced by Professor 
Powell from M. Cauchy’s investigations of the properties of light 
on a peculiar modification of the undulatory hyi)othesis. Hence 
tl]ie refrangibility of the various coloured rays, computed from 
this relation for any given medium, when compared with their 
refrangibility in the same medium detei mined by actual obser- 
vation^ will show whether the dispersion of light comes under 
the laws of that theory. But, in order to accomplish this, it is 
clear that the length of the waves should be found independently 
of refraction, and a very beautiful discovery of M. Fraunhofer 
furnishes the means of doing so. 

That philosopher obtained a perfectly pure and complete 
coloured spectrum, with all its dark and briglit lincJS, by the 
interference of light alone, from a sunbeam passing through a 
series of fine parallel wims covering the object glass of a telescope. 
In this ‘spectrum, formed independently of prismatic refraction, 
the positions of the coloured rays depend only on the lengths of 
their waves, and M. Fraunhofer found that the intervals between 
them are precisely proportional to the difTorences of these lengths. 
He measured the lengths of the waves of the different colours at 
seven fixed points, determined by seven , of the principal dark 
and bright lihes. Professor Powell, availing himself of these 
measures, has made the requisite computations, and has foimd 
that the coincidence of theory with observation is perfect fdr ten 
substances whose refrangibility had been previously determined 
by the direct measurements of M. Fraunhofegr, and for ten others 
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whose refrangibility has more ftceutly been a/Kjeitained by M. 
Bndberg. -Thus, in {be case of seven rays in each twenty 
different substances, solid and duid, the dispersion of light takes 
place according to lihe laws of the nhdnlatory theory : and there 
can hardly be a doubt that dispersion in all other bodies will be 
found to follow the same law. It is, however, an express condi- 
tion of the connexion between the velocity of light and the 
length of its undulations, that the intervals between the vibrating 
molecules of the etliereal fluid should bear a sensible relation to 
the length of an undulation. The. coincidence of the computed 
with the observed refractions shows that this condition is fulfilled 
within the refracting media ; but the aberration of the fixed stars 
leads to the inference that it does* not hold in the ethereal regions, 
where the velocities of the rays of all colours are the same. 
Strong as all that precedes is in favour of the undulatory theour; ’ 
the relative velocity of light in air and water is the final and- 
decisive proof. By the Newtonian theory the velocity is greater 
in water than in air, by the undulatory theory it is less ; bonce if 
a comparison could be made it would decide which is the^law of 
nature* The difficulty consisted in compariiig the velocity fit 
light passing through a small extent of water with the velocity 
of light in air, which is 10,000 times greater than the velocity of 
the earth in its orbit. This delicate and difficult* experiment 
was made by means of an instrument invented ly^Troftssor 
Wheatstone for measuring the velocity of electricity. It qensists 
of a ynall mirror which revolves in its own plane a coin 
spinning bn its edge. When it revolves very rapiol^ the re- 
flected image of an object changes its place perceptibly in an 
inconceivably small fraction of a second. The mirrors used in 
the experiment were made to revolve more than lOOtf times in 
a second, by which .means the places of~ the two images— one 
from light passing through air, and the other <from light passing 
through an equal length of water — were found to be such as to 
prove that the velocity of light in air ^nd in water is as 4 to 3, 
while by the Newtonian theory it is as 3* to 4. By this final 
and decisive proof the undulatory theory may from henceforth 
be regarded as the law of nature. This experiment Was accom- 
plished by M. Fizeau and M. L^on-Faucault, tit the suggestion 
of M. Arago, whosp eyesight did not permit him to undertake it 
himself. 
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SECTION xxn 

CSifmibal or Photographic Raya of Solar Spectrum — Scheele, Ritter, and 
Wollaston’s Discoveries — Wedgwood’s and Sir Humphry Davy’s Photo- 
graphic Picture — - The Calotypc ^ The Daguerreotype — The Chroma- 
type — The Cyanotypo — Coll^on — Sir John Herschel’s Discoveries in 
the Chemical Spectrum M. Beoquerel’s Discoveries of Inactivlb Lines in 
ditto —.Thermic Spectrum — Phosphoric Spectrum — Electrical Pi-o- 
perties — Farathcrmic Rays — Moser and Hunt’s Experiments — Gene- 
ral Structure and antagonist Properties of Solar Spectnim — Defracted 
Spectrum. 

Solar Spectrum ^exercises an energetic action on matter, 
producing the most wonderful and mysterious changes on the 
organised and unorganised creation. 

All bodies are probably affected by light, but it acts with 
greatest energy on such as are of weak chemical affinity, impart- 
ing properties to them which theydid not possess before. Collo- 
dion and metallic salts, especially those of silver, whose molecules 
are held together by an unstable equilibrium, are pf all bodies the 
most susceptible of its influence ; the effects, however, vary with 
the substances employed, and with the different rays of the 
solar spectruihi the chemical properties of which are by no 
means alike. As early as 1772 M. Scheele showed that. the 
pure white colour of chloride of silver was rapidly darkenld by 
the blUe rays of the solar spectnim, while the red rays had no 
effect upon it : and in 1801 M. Bitter discovered that invisible ' 
rays beyond the violet extremity have the property of blacken- 
ing argentine ^Its, that this property diminishes towards the 
less refrangible part of the spectrum, and that the red rays have 
an opposite quality, that of restoring the blackened salt of silver 
to its original purity ; from which he inferred that the most 
refrangible extremity of the spectrum has aq oxygenising power, 
and the other that of deoxygenating. Dr. Wollaston fqund that 
gum guaiacum acquires a green colour in the violet and bhie 
rays, and resumes its original tint in the red. No attempt had 
been made to trabe natural objects by means of light reflected 
from them, till Mr, Wedgwood, together with Sir Humphry 
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Davy, took* up tbe snbjeot : they and 

of objects on sut&ces prepared with mtrate aad^htoride of silver, 
'but they did not succeed in rendering their pictures^p^rmanent. 
T^ia difficulty was overcome in 1814 by M, Niepcd, who pro- 
duced, a permanent picture of surrounding objects by placing 
^iii the focus of a c^mera-obscuia a metallic plate covered With 
a film of asphalt dissolved in oil of lavender. 

Mr. Fox Talbot, without any knowledge of M. Nicpcd’s ex- 
periments, had been engaged in* the same pursuit, and must be 
regarded as. an independent inventor of photography, one of the 
most beautiful arts of modem times : he was the first, who suc- 
ceeded in using paper chemically prepared for receiving impres- 
sions from natural objects ; and he also discovered a method of 
fixing permanently the iinpressions—that is, of . rendering the 
paper insensible to any further action of light In the calotype, 
one of Mr. Talbot’s applications of the art, the photogwtphic 
surface is prepared by washing smooth writing-paper, first with 
a solution of nitrate of silver, then with bromide of potassium, 
and again with nitrate of silvcr,*drying it at a fire after each 
washing ; the papier is thus rendered so sensitive to light that 
even the passage of a thin cloud is perceptible on it, cons^ 
quently it must be prepared by candle-light,* Portraits, build- 
ings, insects, leaves of plants — ^in short, every object' is accuri^tdy 
delineated in a few seconds ; and in the focus of a cameras^obw^ 
the most minute objects are so exactly depicted that ^ imioro- 
scope reveals new beauties. , 

^ince the effect of the chemical agency of light destroy 
the affinity between the sj^lt and the silver, Mr. |lp:^t*fouud 
that, in order to render these impressions perman^i|i^0n paper, 
it was only necessary to wash it with salt and or with 

a solution of iodide of potassium. For these liquilb the liquid 
hyposulphites have been advant^-geously substituted, which arc 
the most efficacious in dissolving and removin^the unchanged 
sjalt, leaving the reduced silver on the paper.' The calotype 
pictuie is negative, that is, the lights and shadows lu^the reverse 
of what they are in* nature, and the right-hand* in nature 
is the feft in the picture ; but if it be placed with itn&ce pressed 
against photographic paper, between a board and4 pluto of glass, 
and exposed to the sun a short time, a ix>sitive^^^^3i||||i^t picture 
as it is innatum, is formed: engravings may^lbv^^^ 
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by this simple process, %d s direct picture may be produced at 
once by using photographic paper already mad^ brown by ex* 
posure to light . 

While Mr. Fpx Talbot was engaged in these very elegant 
discoveries in England, M. Daguerre hud brought to.perfection 
and made public that admirable process by which he has com-* 
polled Nature permanently to engrave her ov^ works ; and thus 
the talents of France and England have been coidbined in bring- 
ing to perfection this useful art. Copper, plated with silver, 
was successfully employed by M. Daguerre for copying, nature 
by the agency of light. The surface of the plate is converted 
into an iodide of silver, by placing it horizontally with its face 
downwards in a covered box, in the bottom of which there is a 
small quantity of iodine which evaporates spontaneously. In 
three or four minutes the surface acquires a yellow tint, and 
then, screening it carefully from light, it must be placed in the 
focus of a camera obscura, where an invisible image of external 
objects will be impressed on it in a few minutes. When taken 
out, the plate must be exposed in an(^ther box to the action of 
mercurial vapour, which attaches itself to those parts of the 
jjlate which had been exposed to light, but does not adhere to 
such parts as had in shadow; and as the quantity of 
mercury over the • other parts is in exact proportion to the 
degree of illumination, the shading of the picture is perfect. 
The image is fixed, first by removing tlie iodine from the plate 
hy plunging it into hyposulphite of soda, and then washing it 
in distilled water ; by tills process the yellow colour is destroyed, 
and in order to render the mercury permanent, the plate must 
be exposed a few minutes to nitric vapour, then placed in nitric 
acid containing copper or silver in solution at a temperature of 
Cl 4° of Fahrenheit for a short time, and lastly polished with 
chalk. This final part of the process is due to Dr, Berre, of 
Vienna. 

Nothing can he more beautiful than the shading of these chiar- 
oscuix) pictures when objects are at rest, but the least motion 
destroys the. effect ; the method therefore is mom applicable to 
buildings than landscape. Colour is wanting ; but the researches 
of Sir John Herschel give reason to believe that eyen this will 
iiltimatelybe attained. 

The most p^fect impressions of seaweeds, leaves of plahts^ 
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feathers, &c., may be formed by bringing the object into close 
contact with a sheet of photographic paper, between a board and 
plate of glass ; then exposing the whole to the sun for a short time, 
and afterwards fixing it by the process fieecribed. 'The colours 
of the pictures vary with the preparation of the paper, by which 
almost any tint .may be produced. 

In the chromaty[)e, a peculiar phptegraph discovq^ed by Mr. 
Hunt, chromate of copper is used, on which a dark brown negative 
image is first formed, but by the continued action of light it is 
changed to a positive yellow picture on a white ground ; the 
farther effect of light is checked by washing the picture in pure 
water. 

In cyanotypes, a class of photographs discovered by Sir John 
Herschel, in which cyanogen in its combinations with iron forms 
the ground, the pictures are Prussian blue and white. In the 
chrysotype of the same eminent* philosopher, the image is first 
received on paper prepared with the ammonia-citrate of iron, and 
afterwards washed with a neutral solution of go^. It is fixed 
by water acidulated with sulphuric acid, and lastly by hydriodato 
of potash, from which a white and purple photograph resulte* * 
It is vain to attempt to describe the v^arious beautiful efieotH 
which Sir John Herschel obtained from chemical compounds,,and '' 
from the juices of plants ; the juice of the red poppy la 
positive bluish purple image, that of the tep-week Btoq)(r a fine 
rose colour on a pale straw-coloured ground. ' 

Pictures may be made by exposure to sunshine, €0 all com- 
pound substances ^ving a weak chemical affinj^^'; but the 
image is often invisible, as in the Daguerreotype, till brought out 
by washing in some chemical preparation. Water is frequently 
sufficient ; indeed Sir John Herschel brought out dormant photo- 
graphs by breathing on them, and some substances are insen- 
sible to the action of light till moistened, as for example, gum 
guaiacum. Argentine papers, however, are little subject to the 
influence of moisture. The power of the solar rays is augmented 
in certain cases by placing a plate of glass in close contact over 
the sensitive surface. 

All these various experiments, though highly interesting, have 
now been superseded. It was found that pmr Jfid not always 
answer for photography, on account of in its 

structure ; silver plates were too expensi^l' and glass was 
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found to be unimpressable. Neverthfelestf, M. Nicpcd de Victor 
obtained beautiful reeults upon glass coated with albumen mixed 
with sensitive substances, whichfsuggested the medium by means 
of which t^e art has been brought to its present perfection, and 
that final step is due to Mr. Scott Archer. He coated a plate 
of glass thinly with xjollodion, that is, gun-cotton dissolved in 
ether and alcohol, which dr^es into a delicate tmnspaientfilm 
of extreme adhesiveness, and of such intense sensibility that the 
action of light upon it is so instantaneous that it arrests a stormy 
sea or a fleeting cloud before they have time to change. Now 
landscapes in chiaroscuro arc produced of* great beauty, which 
by the slower methods were mere massc^ of deep shade and 
brOad light. Architecture is even more perfectly, obtained, 
but it fails tg give a pleasing representation of the human 
countenance. 

, Chemical action always accompanies the sun’s light, but the 
analysis of the solar spectrum has partly disclosed the wonderful 
nature of the emanation. In the research, properties most im- 
^xirtant and unexpected have been discovered by Sir John 
Herschel, who^imprints the stamp of genius on all he touches — 
his eloquent papers can alone convey an adequate idea of their 
value in opening a field of inquiry vast and untrodden. Tlie 
following brief and imperfect account of his experiments is all 
that can be attempted here : — 

A certain degree of chemical energy is distributed through 
every part of the solar spectrum, and also to a considerable 
extent through the dark spaces at each extremity. This dis- 
tribution does not depend on the refrangibility of the* rays 
alofte, but also on the nature of the rays themselves, and on 
the physical properties of the analyzing medium on which the 
rays are received, whose changes indicate and measure their 
action. The length of the photographic image of the same solar 
spectrum varies with the physical qualities of the surface on 
* which it is impressed. When the solar spectrum is received on 
paper prepared with bromide of silver, the chenjical spectrum, 
as indicated merely by the length of the darkened part, includes 
witbin it$ limits the whole luminous spectrum, extending in 
one direction far beyond the extreme violeh and lavjcnder rays, 
and in the other do^ to the extremest red ; with* tartrate of 
silver the darkening occu|»ies •not only all the space under the 
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most r^rangible rays, but reaobes much beyond the extreme reJ.^ 
On u^per prepared with formobeuzoate of silver the chemical 
Bl^^trum is cut off at ‘the orange rays, with phosphate of silver 
yk the yellow, and with chloride of gold it terminates with the 
green, with carbonate of mercury it ends in the blue, and on 
paper prepared with the percyanide of, gold, ammonia, and 
nitrate of silver, the darkening lie^ entirely beyond the visible 
\ spectrum at its most refrangible extremity, and is only half its 
hengtli, whereas in some cases chemical action occupies a space 
^ore than twice the length of the luminous image< 
i TThe point of maximum energy of chemical action varies as 
^cTiuch for different preparations as the scale of action. In the 
£ greater number of cases the point of deepest blackening lies 
Jibout the lower edge of the indigo rays, though ip no two cases 
Hs it exactly .the same, and in many substances it is widely 
\liffcrent. On paper prepared with the juice of the ten-week 
st^^k (Mathiola annua) there are two maxima, one in the mean 
yelldwv and a weaker in the violet; and on a ])rcparation of 
tartrakc of silver Sir John Herschel found three, one in the least * 
refran^jlo blue, one in the indigo, and a third beybnd the visible 
violet. 7 iHio decrease in photographic energy is seldom perfectly 
alike on h^th sides of the maximum. Thus at the most re- 
frangible eped of the solar spectrum the greatest chemical power 
is exerted most instances wliere there is least light and heat, 
and even, 4 'in the space where Iwth sensibly cease. 

N£\iv only the intensity but the kind of action is different in 
different points of the solar si)ectrum, as evidently appears 
from the various colours that are frequently impressed on the 
pamc analyzing surface, each ray having a tendency to impart 
its own colour. Sir John Herschel obtained a coloured image 
of the solar spectrum on pajxjr prepared according to Mr. Talbot’s 
principle, from a simbeam icfractcd by a glass ptism and then 
highly condensed by a lens. The photographic image was 
rapidly formed and vety intense, and, when withdrawn from 
the spectrum and viewed in common daylight, it was found to 
be coloured with sombre hut unequivocal tints imitating the 
prismatic colours, which varied gradually from red through 
green and blue to a- purplish black. After washing the surface 
in water, the tints l^came more decided by being kept a few 
days in the dark— a {)henomcuou, Sir^Jol^ observes, of constant 
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occurrence, whatever be the preparation of the paper, provided 
colours are produced at all. He also obtained a coloured image 
on nitrate of silver, the part under the blue rays becoming a blue 
brown, while that under the violet had a pinkish shade, and 
sometimes green appeared at the point corresponding to the least 
refrangible blue. Mr. Hunt, found on a paper prepared with 
fliU)rido t)f silver that a yellow line was impressed on the space 
occupied by the yellow ravs, a green band on the space under 
the green rays, an -intense blue throughout the space on which 
the blue and indigo rays fell, and under the violet rays a ruddy 
brown appeared ; these colours remained clear and distinct after 
being kept two months. 

Notwithstanding the great variety in the scale of action of 
the solar spectrum, the darkening or deoxydizing princijde that 
prevails in the more refrangible part rarely surpasses or even 
attains the mean yellow ray which is the point of maximum 
illumination; it is generally cut off abruptly at that point 
which seems to'lorm a limit between the opposing powers which 
prevail at the two ends of the spectrum. The bleaching or 
oxydizing etfcct of the red rays on blackened muriate of silver 
discovered by M. Ritter of Jena, and the restoration by the 
same rays of discoloured gum guaiacum to its original tint by Dr. 
Wollaston, have already been mentioned as giving the first indica- 
tions of that difference in the mode of action of the chemical rays at 
the two ends of the visible &2MJCtriiin, now placed beyond a doubt. 

The action exerted by the less ’'.irangiblc rays hey/)nd and 
at the red extremity of the soki* &{)ectrum, in most instances, 
so far from blackening metallic salts, protects them from the 
action of the diffused daylight : but, if the prci)ared siirface has 
already been blackened by exposure to the sun, they i^ossess the 
remarkable proi)erty of bleaching it in some cases, and under 
other circumstances of changing tlic black surface into a fiery red. 

Sir John Herschel, to whom we owe most of our knowledge 
of the properties of the chemical spectrum, prepared a sheet of 
l^aper by washing ii with muiiate of ammonia, and then with 
two coats of nitrate of silver; on this surface he obtained an 
impression of t^ solar spectrum exhibiting a range of colours 
very nearly corresponding with its natural hues. But a very 
remarkable phenomenon occurred at the end of least refrangi- 
hility ; the red rayaiexerted a protecting influence which pre- 
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served the paper from the change which it would otherwise have 
undergone from the deoxydizing influence of the dispersed light 
which always surrounds the solar spectrum, and this maintained * 
its whiteness. Sir John met with another instance on paper 
prepared with bromide of silver, on which the whole of the space 
occupied by the visible spfectrum was darkened down to the very 
extremity of the red* rays, but an oxydizing action commenced 
beyond the extreme red, which maintained the whiteness of the 
paper to a considerable distance beyond the last traceable limit 
of the visible rays, thus evincing decidedly the existence of 
some chemical power over a considerable space beyond the least 
refrangible end of the spectrum. Mr. Hunt also found that on 
the Daguerreotype plate a powerful protecting influence is exer- 
cised by the extreme red rays. In these cases the red and those 
dark rays beyond them exert an action of .an opposite nature to 
that of the violet* and lavender rayg. 

The least refrangible part of the solar spectrum possesses also, 
under certain circumstances, a bleaching ])roperty, by 'which the 
metallic salts are restored to their original whiteness after being 
blackened by exposure to common daylight, or to the most 
refrjmgible rays of the golar spectrum. 

Pai3er prepared with iodide of silver, when washed over with 
ferrocyanite of potash, blackens rapidly when exposed to the 
solar spectrum. It begins in the violet rays and extends over 
all the si)ace occupied by the dark chemical rays, and over the 
whole visible spectrum down to the extreme red rajs. This 
image is coloured, the red rays giving, a reddish tint and the 
blue a blueish. In a short time a bleaching process begins 
under the red rays, and extends upwards to the green, but the 
space occupied by the extreme red is maintained perfectly dark. 
Mr. Hunt found that a similar bleaching power is exerted by 
the red rays oh paper prepared with protocyanide of potassium 
and gold with a wash of nitrate of silver. 

The applidktion of a moderately strong hydriodate of potash 
to darkened photographic paper renders it peculiarly susceptible 
ofi being whitened by further exposure to light. If paper pre- 
pared with bromide of silver be washed with ferrocyanate of 
potash while under the influence of. the solar spectrum, it is 
immediately darken^ throughout the part exposed to the visible 
rays dom to the end of the red, some slight interference beipg 
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perd^ptible about the region of the orange and yellow. After 
this a bleaching action begins ovpr the part ocipupied by the red 
rays^ which extends to the green. By longer exposure an oval 
spot begins again to darken about the centre of the bleached 
space ; but, if the p{Ci)er receive another wash of the hydriodate 
of potash, the bleaching action extends up from the green, over 
the region occupied by the most refrangible rays and considerably 
beyond them, thus inducing a negative action in the most 
refrangible part of thb spectrum* 

In certain circumstances the red rays, instead of restoring 
darkened photographic paper to its original whiteness, prodiice 
a. deep red colour. When Sir John Herschel received the spec- 
trum on paper somewhat discoloured by exposure to direct 
sunshine, instead of whiteness, a red border was formed extend- 
ing from the. space occupied by the orange, and nearly covering 
that on which the red fell. *When, instead of exposing the 
|)aper in the first instance to direct sunshine, it was blackened 
by the violet rays of a prismatic spectrum, or by a sunbeam that 
had undergone the absorptive action ^of a solutibn of ammonia- 
sulphate of copper, the red rays of the condensed spectrum pro- 
duced on it, not whiteness, but a full and fiery red, which 
occupied the whole space on which any of the visible red rays 
had fallen ; and tliia red remained unchanged, however long the 
paper remained exposed to the least refrangible rays. 

Sunlight transmitted through red glass produces the same 
effect as the red rays of the spectnim in the foregoing experi- 
ment. Sir John Herschel placed an engraving over a paper* 
Vackened by exposure to sunshine, covering the whole with a 
dark red-brown glass previously ascertained to absorb every ray 
beyond the orange? in this way, a photographic copy was ob- 
tained in which the shades were black, as in the original 
engraving ; but the lights, instead of being white, were of the 
red colour of venous blood, and no other colour could be obtained, 
by exposure to light, however long. .Sir John ascertained that 
every part’ of the spectrum impressed by the more refrangible 
rays is equally reddened, or nearly so, by the subsequent action 
of the less refrangible ; thus the red rays have the very remark- 
able property of assimilating to their own colour, the blackne^* 
alt^y impressed on photographic paper. ^ . 

there is a deoxidating property in the more refiUngible 
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rays, and an oxydating action in the less refrangible part of^the 
sj^ctrum, is inanifest from t^e blackening of oncf and the 
bleaching effect of the other ; but the peculiar action of the red 
rays in the experiments mentioned ahows that some other prin^ 
ciple. exists different from contrariety of ad)ion. These opposite 
qualities are balanced or neutralized in the region of the mean 
yellow ray. But, although this is the general character of the 
photographic spectrum, under certain circumstances even 
rays have a deoxydating power, while the blue and violet' exert 
a contrary influence ; but these are rare exceptions. 

The photographic action of the two portions of the solar spec- 
trum being so different, Sir John Herschel tried the effi^t of 
their united action by superposing the less refrangible part of 
the spectrum over the more refrangible portion by means of two 
p^'isms; and he thus discovered that two rays of different refran- 
gibility, and therefore of different lengths of undulation, acting 
simultaneously, produce an effect which neither, acting separately, 
can do. 

Some circunistances thjat occurred during the analysis of the 
chemical spectrum seem to indicate an absorptive auction in the 
sun’s atmosphere. Tlie spectral image ynpressed on paper pre- 
pared witli nitrate of silver and Rochelle salt commenced at, or 
very little l^elow, the mean yellow ray, of a delicate lead colour ; 
and when the action was arrested, such was the character of the 
whole photographic spectrum. But, when the light of the solar 
sijectrum was allowed to continue its action, there was observed 
•to come on suddenly a new and* much more intense impression of 
darkness, confined in length to the blue and violet rays ; and, 
what is most remarkable, confined also in breadth to tlie middle 
of the sun’s image, so far at. least as to leave a border of the 
lead-coloured spectrum traceable, not qnly round the clear tfnd 
well-defined convexity of the dark interior spectrum at the less 
refrangible* end, but also laterally along both its edges ; and this 
border was the more easily traced, and less liable to be mistaken, 
from its striking contrast of colour with the interior spectrum, 
the former being lead gray, the latter an extremely rich deep 
velvety brown. The less refrangible end of this interior brown 
’spectrum presented a sharply terminated and regularly ellip- 
tical contour, the more refrangible a less decided one. It may 
seem too hazardous,” Sir John continues, “ to look for tlie cause 
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of this veiy singular phenomenon in a real difference between tlie 
che^ibal agencies of those rays which issue from the central por- 
tion of the sun’s disc, and those which, emanating from its 
have undergone the Absorptive action of a much greater 
;;5^^th of its atmosphere ; and yet I confess myself somewhat at 
a loss what other cause to assign for it. It must suflice, however, 
to have thrown out the hint, remarking only, that I have other, 
and l am disposed to think decisive, evidence of the existence of 
ah absorptive solar atmosphere extending beyond the luminous 
one.” M. Arago observed that the rays* from the centre of the 
stih have a greater photographic power than those from the edges, 
and the photographic images of the sun, taken on glass by M. 
Nieped,. were bipod-red, much, deeper in the centre, and on one 
occasion the image was surrounded by an auriol. Several cir- 
cumstances concur iff showing that there are influences also 
concerned in the transmission of the photographic action which 
have not yet been explained, as, for example, the influence which 
the time of. the day exercises on the rapidity with which photo- 
graphic impressions arc made, the sun being much less effective 
two hours after passing the meridian than two hours before. 
There is also reason to suspect that the effect in some way depends 
.on the latitude, since a much longer time is required to obtain an 
image under the bright skies of the tropics than in England ; and 
it is even probable that there is a difference in the sun’s light 
in high and low latitudes, because an image of the solar spec- 
trum, obtained on a Daguerreotype plate in Virginia, by Dr. 
Draper, differed from a spectral image obtained by Mr. Hunt on 
a similar plate in England. The inactive spaces discovered in 
the photographic spectrum by M. E. Becquerel, similar to those 
in the luminous spectrum, and coinciding with them, is also a 
phenomenon of which no explanation has yet been given ; pos- 
sibly the chemical rays may be Absorbed by the atmosphere with 
those of light. Although chemical action extends over the whole 
luminous spectrum, and much beyond it, in gradations of more 
or less intensity, it is found by careful investigation to be by ^lo 
means continuous ; numerous inactive lines cross it, coinciding 
with those in the luminous image as far as it extends ; besides, a 
very great number exist in the portions that are obscure, and 
which overlap the visible part. There are three extraspectral 
lines beyond the red, and some strongly marked groups on the 
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obscure part beyond the violet ; but the whole numblN' of those 
inactive lines, especially in the dark spaces, is so great thaSb it Is 
impossible to count them. 

Notwithstanding this coincidenoe in the inactive lines of the 
two spectra, photographic energy is independent of both tight and 
heat, since it exerts the most powerful influence in those 
where they are 'least, and also in spaces where neither sensibly 
exist ; but the transmission of the sun’s light through coloured 
media makes that independence quite evident. Heat and light 
pass abundantly throu^ yellow glass, or a solution of chrO^te 
of potash ; but the greater part of the chemical rays are exclud^, 
and chlorine gas diluted with common air, though highly pervious 
to the luminous and calorific principles, has the same effect. Sir 
John Herschel found that a slight degree of yellow liondon fog 
had a similar effect with that of pale yellow media ; he also re- 
marked that a weak solution of azolitmine in potash, which 
admits a great quantity of green light, excludes chemical action ; 
and some years ago the author, while making experiments on the 
transmission of chemical rays, observed tliat green glass, cojgured 
by oxyde of copper about the 20th of an inch thick, exclude the 
photographic rays ; and, as M. Melloni has shown that substance 
to be impervious to the* most refrangible calorific rays, it has the 
property of excluding the whole of the most refrangible part of 
the solar spectrum, visible and invisible. Green mica, if not too 
thin, has also the same effect, whereas -amethyst, deep blue, and 
violet-coloured glasses, though they transmit a very little light, 
allow the chemical rays to ]>ass freely. Thus, light and photo- 
graphic energy may be regarded as distinct parts of the solar 
beam, and both being propagated by vibrations of the etherial 
medium they are ynorely motion. Excellent images have been 
obtained of the moon in its different pb9.ses by Professor Seefibi, 
at Rome; candlelight is nearly -deficient of the chemical rays. 
How far they may influence crystallization and other molecular 
Arrangements is unknown, but their power is universal wherever 
the solar beam falls, although their effect only becomes evident 
in*cases of uni|fcable molecular ^uilibrium. 

It is not by vision alone that a knowledge of the sun’s rays is 
'acquired : touch proves that they have the .power of raising the 
temperature of substances expos^ to their action. Sir WUliam 
Herschel discovered that rays which produce the sensation of heat 
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exist in the solar ttpectnim independent of those of light ; when 
he used a prism of flint glass, he found that the warm rays are 
most abundant in the dark space a little beyond the red extremity- 
of the spectrum, that from thence they decrease- towards the 
, violet^ beyond which they are insensible. It may be concluded 
itherefore, that the calorific rays vary in refrangibility, and that 
' those \)eyond the extreme red are less refrangible than any rays 
of light. Since Sir William Herschers time it has been dis- ‘ 
covered that the calorific spectrum exceeds the luminous one in 
length in the mtio of 42 to 25, but the mosi singular phenomenon 
is its want of , continuity. Sir John Herschel blackened the 
under side of a sheet of very thin white paper by the smoke of a 
lamp,* and, having exposed the white side to the solar spectrum, 
he drey a brush dipped in spirit of wine over it, by which the 
paper assumed a black hue when sufficiently saturated. The 
heat in the spectrum evaporated the spirit first on those parts of 
the papr where it fell with greatest intensity, therei)y restoring 
their white colour, and he thus discovered that the heat increases 
uniformly and gradually throughout the luminous spectrum, and 
that it comes to a maximum and forms a spot at a considerable 
distance beyond the extreme rod. It then decreases, but again 
increasing it forms a second maximum spot, after which it ceases 
altogether through a short space, but is again renewed and forms 
two more insulated spots, and even a fifth may be traced at a 
little distance from the latter. These circumstances are probably 
owing to the absorbing action of the atmospheres of the siin and 
earth. ** The effect of-the former,” says Sir John, “ is beyond our 
contrpl, unless we could cany our experimenfs to such a point of 
delicacy as to operate separately . on rays emanating from thp 
centre and borders of the sun’s disc ;* that of the earth’s, though . 
if cannot be eliminated any more than in -the case t)f the sun’s, 
may yet be varied to a considerable extent by expriftients made 
at great elevations, under a vertic^ sun, and compared with 
others where the sun is more oblique, the situation lower, and 
the atmospheric pressure of a temporarily high atnoimt. Should 
. it be found that this cause is in reality concerned in the produc- 
tion of the spots, we should see reason to believe that a large 
portion of solar heat never reaches the earth’s surface, and that 
what is incident on the summits of Ipfiy mountains differs not 
only in quantity but also in quality from what the plains receive. 
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A remarkfiblo phosphdrme&t p^perty was discovered bf 
Bec^uerel in the solar spectrum. * Two lumkous bands separati^' 
•by & dark one are excited by the solar speotrM on pipdr poyer^ 
with a 89lutiQn of gum afabio^ and strewed with powdered siiU 
phuret ofcalcium-or Canton’s phosphorus. . (^ 
hands occupies the space under the least refrangible violet rays; 
and the other that beyond the lavender rays, so that thb dark 
*band lies under the extreme violet and lavender rayst When the 
action of the light is continued, the whole surface beyond* the 
least refrangible violet shines, the luminous bands already men« 
tioned brightest; but all the space from the least refrangiblj^ 
viplet to the extreme red remains dark. If the surface, prepar^ 
either with the sulphuret of calcium or Bologna* stone, be exposed 
to the sun’s light for a little time, it becomes luminous over $ 
but when, in this state, a solar spectrum is thrown upon it, the 


whole remains luminous except the part from the least refrangible 
viplet to the extreme red, on which space the light is extinguished j 
and when the temperature of the surface is raised^by a lamp; 
bright parts become mom luminous and the dark parts rei&alii 
dark. Glass stained by the protoxideof copper, which transmits only 
the red and orange rays, has the same effect with the less refrangible 
part of the spectrum ; hence tliere can be no doubt that the most 
frangible and obscure rays of the spectrum excite phosphorescendi^ 
while all the less refrangible rays of light and heat extinguish it. 

Paper prepared with the sulphuret of barium, when under the* 
solar spectrum, shows only one space of maximum luminous in-> 
tensity, and the destroying rays are the sanfe as in the sulphuret 
o^l^lcium. Thus* the obscure rays beyond the extreme violet 
^liduce light, while the luminpus rays extinguish it. ; 

phosphoric spectrum has inactive lines which coincide with 
in the luminous^d chemical spectra, at lekst as far aa It 
e^^nds ; Imt in order to be seen the spectrum must be received 
for few seconds upon the4»repared surface through an apetiatUtW' 
aperture must he closed, and the 


p^ture pf the surface raised two or three hundred degrees ^^cthe 
pll^^reiBceDt wrts then shine brilliantly and the darkiiiid^ , 
appetf IdBCfe Since the parts of similar refrangihil% in di|||ii^t^ 
sp^tia by the same dark lines,, laye irf 

piiphal^fy absorbed atihe same rfind M 
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It appears experiments of MM. Becquerel imd Hp^ 

that electrioal diatnribancea produce these phosphorescent cfffec^; 
There is thus a my^tious conuexibii between the most ^refran-> 
gible rays and*, electricity ‘which the experiments of M. E. Bec- 
querel ephdrm, showing that electricity is developed during che-r 
mical action by the violet rays, that it is feebly develop^ by Ihe 
bUie anddndigOt but that none is excited by the less refrangible 
part of the spectrum. 

A series of experiments by Sir John Herschei have disclosed, , 
a new set of obscure rays in the solar spectrum, which seem to 
bear the same relation to those of heat that the photographic or 
chemical rays bear to the luminous. They are situate in%at 
part of the spectrum which is occupied by the less refrangible 
visible colours, and have been named by their discoverer Paira- 
thermic rays. It must be held in remembrance that the region 
of greatest heat in the solar spectrum lies in the dark space 
beyond the visible red. Now, Sir John Herschei found that in 
experiments with a solution of gum guaiaciAn in soda, which 
gives the paper a green colour, the green, yellow, orange, and 
red rays of the spectrum invariably discharged the colour, while 
no effect was produced by the extrarspectral rays Of heat, which 
ought to have had the greatest effect had heat been the cause of 
the phenomenon. When an aqueous solution of chlorine was 
poured over a slip of jiaper prepared with gum guaiacum dis- 
solved in soda, f colour varying from a deep somewhat greenish 
hue to a fine celestial blue was given to it ; and, when the solat 
spectrum was thrown on the paper while moist, the colour was 
discharged from all the space under the less refrangible luminous 
rays, at the same time that the more distant thermic rays beyond 
the spectrum evaporated the moisture from the space^ on whieh 
they fell; so that the heat spots l)ecame apparent. But the 
spots disappeared as the paper dried, leaving the surface uhV 
ohj^ged ; while the photographic impression within the visible 
innrensed in intensity, the non-luminous thermic rays, 
though evidently active as to hsat^ were yet incapable of effecting 
that p^uliar chemical change which other rays of much less 
heating pcwer were all the time producing. Sit John hatrCujg 
ascei^ned ri^tan a|rifioial heat from 180^ to 28Cp ef Fahrenheit { 
cbasj^ tfie^g^ of gum guaiacum to its original yellbW'- 
hue when it hadim efi^t when dry, he^^>^^ 
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CONCLUSIONS TO BE DRAWN. Seci. XXIV. 


fore tried whether heat from hot iron applied to the back of 
the paper used in the last-mentioned experiipSnt while under 
the influence of the solar spectrum might not assist the a<^tion . 
of the calorific rays ; but, instead of doing so, it greatly apce* 
lerated the discoloration over *the spaces occupied by the ^ss . 
refrangible rays, but had no effect on the extm-spectral rejpn 
of maximum heat. Obscure terrestrial heat, therefore, is capable 
of assisting and being assisted in effecting this peculiar change 
by those rays of the spectrum, whether luminous or thermic, 
which occupy its red, yellow, and green regions ; while, on the 
oth^ band, it receives no such* assistance from the purely 
thermic rays beyond the spectrum acting under similar circum- 
stances and in an equal state of condensation. 

The conclusions drawn from these experiments are confirmed 
by that .which follows : a photographic picture formed on paper 
prepared with a mixture of the solutions of ammonia-dtrate of 
iron and ferro-sesquicyanite of potash in equal parts, then throtm 
into water and afterwards dried, will be blue and negative, that 
is to say, the lights and shadows will be the reverse of what 
they are in nature. If in this state the paper be washed with a 
solution of proto-nitrate of jnercury, the picture will be dis- 
charged ; but if it be well washed and dried, and a hot smoothing- 
iron passed over it, the picture instantly reappears, not blue, jbut 
brown ; if kept some weeks in this state in perfect darkness 
between the leaves of a portfolio, it fades, amFalmost entirely 
vanishes, but a fresh application of heat restores it to its full 
original intensity. '|['his curious change is not the effect of light, at 
least not of light alone. A certain temperature must be attained, 
and that sufSces in total darkness ; yet, on exposing to a very con- 
centrated spectrum a slip of the paper used in the last experiment, 
after the uniform blue colour has been discharged andjL3Kbite^ 


of the red and orange rays, hut not beyond the luminous spectrum. 

Sir John thence concludes :—l8t. That it is the heat of these 
rays, not their light, which operates the change; Bndly. That 
this heat possesses a peculiar chemical quality which is not pos- 
sessed by the purely calorific rays outside of the visible spectrum, 
though fax more intense; and, drdly, Tha| the heat radiated 
from obscurefy hot iron a^un^ especially in raj^ analogous to 
those of the region of the spectrum ahoyfi indicabHi. 
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Another instance of these singular transformations may be 
noticed. The pictures formed on cyanotype paper rendered more 
sensitive by the additk)n of corrosive sublimate are blue on a 
White ground wd pdutive, that is, the lights and shadows ai^ 
the same as in nature, but, by the application of heat, the coloiilr 
is changed from blue to brown, from positive to negative even 
by keeping in darkness the blue colour is restored, as well as the* 
positive chmo4iter. Sir John attributes this, as in the former 
instance, to certain rays, which, regarded as rays of heat or light, 
or of some influence yeneris accompanying the red and omnge 
rays of the spectinim, are also'^copiously emitted by bodies h^ted 
shdrt of redness. He thinks it probable that these invisible para* 
thermic rays are the rays which radHate from molecule to mole* 
cule in the interior of bodies, that they determine the discharge 
of vegetable colours at the boiling temt)erature, and also the 
innumerable atomic transformations of organic bodies which take 
place at the temperature below redness, that they are distinct from 
those of pure heat, and that they are sufficiently identified by 
these characters to become legitimate objects of scientific discussion. 

The calorific and parathermic rays appear to be intimately 
connected with the discoveries of dilessrs. Draper and Moseh 
Daguerre has shown that the action of light on the iodide of 
silver renders it capable of condensing the vapour of mercury 
which adheres to the parts affected by it. Professor Jdoser olf 
Kdnigsberg has proved that the same effect is produced by the 
simple contact of bodies, and even by their very near jnxti^ 
position,' and that in total darkness as Well as in light. This 
discovery he announced in the following words If a surfoce 
has been touched in any particular parts by any body, it acquiree 
the property of precipitating all vaijours, and these adhere to it 
or combine chemically with it on these spots differently from what 
they do on ihe untouched parts.” If we write on a plate of glass 
or any smooth surface whatever with blottihg-rpaper, a brush, or 
anything else, and then clean it, the characters always reappei^ 
if the plate or surikee he breathed upon, and the same effect may 
be produced even cn the surface of mercury ; nor is absolute eon^ 
tact necessary. If a screen cut in a pattern be held over apolisKed 
metallie surflsce at a small distance, and the whole breathed bn^ 
alter the vapour has evaporated so that no trace; is left on the 
pattern comes out when it is breathed on again. 
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DISCOVERIES OF MR. HCNT. Sect. XXlV. 


Professor Moser proved that bodies exert a ve^ decidM influ- 
ence upon each other, by placing coins, cut stones, pieces of horn, 
and other substances, for a short time on a warm metallic plate : 
when the substance was removed, no impression appeared on the 
plate till it was breathed upon on exposed to the vapour of mer*^ 
’cury,.and then these vapours adhered only to the parts where the 
* substance had been placed, making distinct images, which in 
some cases were permanent after the vapour* was removed. 
Similar impressions were obtained on glass and other substiincci 
even when the bodies were not in contact, and the results were 
the same whether the experiments'Were performed in light or in 
darkness. 

Mr. Grove found, when plates of zinc and copper wete closely 
approximated, but not in contact, and suddenly separated, that 
one was ix)sitively and the other negatively electric ; whence‘he 
inferred that the intervening medium was either polaHsed, or 
that a radiation analogous, if not identical, with that which pro^ 
duces Moser’s images takes place from plate to plate. 

Mr. Hunt has shown that many of these phenomena depend 
on difference of temperarture, and that, in order to obtain good 
impressions, dissimilar metsdls must be used. For example, gold, 
silver, bronze, and copper coins were placed on a plate of eppper 
too hot to be touched, and allowed to remain till the - plate 
cooled : all the coins had made an impression, the distinctness 
and intensity of which were in the order of the metals nanded. 
When the plate was exposed to the vapour of mercury the result 
was the same, but, whefU the vapour was wiped off, the gold and 
silver coins only^had left permanent images on the copper. 
These impressions are often minutely perfect, whether the coiift 
are in actual contact with the plate or one<eighth of ah inch 
above it. ^'he mass of the metal has a material influence on the 
result ; a large copper coin makes a better impression on a copp^ 
plate than a small silver coin. When coins of different meteis 
are placed on the same plate they interfere with each other. 

When, instead of being heated, the copper plate was Cooled 
a freezing mixture, and had conductors of heat laid upon it, as 
wood, paper, glass, &c., the result was similar. 

Mr. Hunt, observing that a black substance leaves a 
impression on a metallic suHace than a white, applli^the prb* 
perty to the art of copying prints, woodouts, ^ 
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priuting^ oh copper amalgamated oh* one surface and highly 
polished, merely by placing tlie object to be copied smootidy oh 
the metal, and pressing it into close contact by a plate of glass : 
after some hours the plate is subjepted to the vapour of mercury, 
and afterwards to. that of iodine, when a black and accurate im-- 
prcssion of the object comes out on a grey ground. Effects 
similar to those attributed to heat may also be produced by elec- 
tricity. Mr. Karsten, by placing a glass plate upon one of 
metal, and on the glass plate a medal subjected to discharges of 
electricity, found a perfect image of the medal impressed on the 
glass, which could be brought into evidence by either mercury 
or iodine; and, when several plates of glass were interposed 
between the medal and the metallic plate, e^oh plate of glass 
received an image on its upper surface after the passage of elec- 
trical discharges. These discharges have the remarkable power 
of restoring impressions that have been long obliterated from 
platbs by polishing — a proof that the disturbances upon which 
these phenomena depend are not confined to the surface of the 
metals, but that a very decided molecular change has taken place 
to a considerable depth. Mr. Hunt’s experiments prove that the 
electro-negative metals make the .most decided images upon 
electro-negative plates, and vice versa. M. Matteucci has shown 
that a discharge of electricity does not visibly affect a polished 
silver plate, but that it produces an alteration which renders it 
capable of condensing vapour. 

The impression, of an engraving was made by laying it face 
d;ownwards on a silver plate iodized, and placing an amalgamated 
copper plate upon it ; it was left in darkness fifteen hours, during 
which time an impression of the engraving had been made on the 
amalgamated plate through the paper. 

* An iodized silver plate was placed in darkness with a coil of 
string laid on it, and with a polished silver plate sus^nded one- 
eighth of an inch above it : after four hours they werc exposed 
to the vapours of mercury, which became uniformly deposited on 
the iodized plate, but on the silver one there was a sharp image 
of the string, so that this imago was formed in the dark, and 
even without contact. Coins or other,, objects leave their impres- 
sions in the same manner with perfect sharpness and accuracy; 
when brought out by vapour without contact, in darkness, and 
on simple metals. 



222 


VARIOUS PHENOMENA. 
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Red and orange eoloured media, smoked' glass, and all bodies 
that transmit or absorb the hot rays freely, leave strong impress 
sions on a plate of copper, whether th^ be in contact or one« 
eighth of an inch above it. Heat must be concerned In this, for 
a solar spectrum concentrated by ^a lens wad thrown on a poHabed 
plate of copper, and kept on the same spot by a heliostat for two 
or three hours : when exposed to mercurial vapour, a film pf the 
vapour covered the plate where the diffused light which always 
accompanies the solar spcctnim had fallen. On the obscure 
space occupied by the maximum heating power of Sir William 
Herschel, and also on the great heat spot in the thermic spectrum 
of Sir John Herschel, the condensation of tlie mercury waa||o 
thick that it stood out a distinct white spot on the plate, wUp 
over the whole space that had been under the visible spectmff 
the quantity of vapour was much less than that which covered 
the other parts, affording distinct evidence of a negative effect in 
the luminous spectrum and of the .power of the hot rays, which 
is not always confined to the surface of the metal, since in many 
instances the impressions penetrated to a considerable depth 
below it, and consequently were permanent. « 

Several of these singular effects appear to be owing to the 
mutual action of molecules In contact while in a different state, 
Whether of electricity or temperature: others clearly point at 
some unknown influence exerted between surfaces at a distance, 
and affecting their molecular structure : possibly it may be the 
parathermic rays, which have a peculiar chemical action even in 
total darkness. In the last experiment the effect is certainly 
produced by the positive portion of one of those remarkable 
antagonist principles which characterise the solar spectrum. 

Thus it appears that the prism resolves the pure white sunbeam 
into three superposed spectra, each varying in refrangibility arid 
ihtensity tNtoughout its whole length ; the visible part is over- 
lapped atone end by the chemical or photographic rays, and at 
the other by the thermic, but the two latter so much exceed the 
visible part, that the linear dimensions of the three— the luminous, 
thermic, and photographio-r-ai-e in proportion to the numbers 
25, 42*10, and 55*10, so that the whole solar spectrum is twice 
•S3 long as its visible part. The two extremities exert a de- 
cided antagonist energy. The refrangible luminous rays 
obliterate the action of the photographic rays, while the latter 
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produce phosphorescotit light, which is extinguished by the 
least refrangible luminous rays. According to Mr, Hunt’s ex- 
periment, the hot rays condense mercurial vapour on a polished 
metaliic plate, while the luminous rays prevent its formation. 
Electricity is excited by the chemical rays, while the parathermic 
are found in the less refrangible rays alone. Each of the spectra 
is crossed by coloured and rayless lines peculiar to itself, and 
these are traversed at right angles by innumerable dark lines of 
various breadths, the whole forming an inexpressibly wonderful 
and glorious creation. 

The arrangement varies a little according to the material of 
the prism and the manner of producing the spectrum, as in that 
obtained by Professor Draiier from diffracted light. It was 
formed by a beam diffracted by passing through a netting of 
fine wire, or by reflection from a polished surface of steel, having 
fine parallel lines drawn on it. This diffractedf spectrum is 
divided into two equal parts in the centre of the yellow ; and 
as in the prismatic spectrum, one half is antagonist to the other 
half, the red or negative end undoing what the positive or 
violet end has done. The centre of the yellow is the hottest 
part, and the heat decreases to both exti-emities. A line of cold 
is supposed to exist on this spectrum answering to Fraunhofer’s 
dark line H. 

The undulations of the ethereal medium which constitute a 
sunbeam must be infinitely varied, each influence having a 
vibration peculiar to itself. Those of light are certainly trans- 
verse to the direction of the ray ; while Professor Draper believes 
that those of heat are normal, that is, in the direction of the ray, 
like those of sound. A doubt exists whether the vibrations of 
polarised light are perpendicular to the plane of polarisation or 
in that plane. Professor Stokes of Cambridge has come to the 
conclusion, both from the diffracted siiectrum and»theor}% that 
they are perpendicular to the plane of polarisation, but M. Holtz- 
mann is of opinion that they arc in that plane, so the subject 
is still open to discussion. 
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SEOTION'XXV. 

Size and Constitution of the Sun — The Solar Spots — Intensity of the 
Sun*s Light and Heat ~ The Sun’s Atmosphere — His influence on the 
Planets — Atmospheres of the Planets — The ^oon has none — Lunar 
heat — The Differential Telescope — Temperature of Space — Internal 
Heat of the* Earth — Zone of«constant Temperature — Increase of Heat 
with the Depth — Central Heat — Volcanic Action — Qufuatity of Heat 
received from the. Sun — Isogeothenual Lines — Line of perpetual Con- 
gelation — Climate — Isothermal Lines — Same quantity of Heat an- 
nually received and ludiated by the Eartli. • 

The 8U^ is a globe 880,000 miles in diameter : what his body may 
be it is impossible to conjecture, but it seems to be a dark mass v 
surrounded by an extensive atmosphere at a certain height in 
which there is a stratum of luminous clouds which constitutes 
the photosphere of the sun. Above it rises the true solar 
atmosphere, visible as an aureola or corona during annular and 
total eclipses, and probably the cause of the peculiar phenomena 
in the photographic image of sun already mentioned. 
Through occasional openings in the photosphere or mottled 
ocean of flame, the dark nucleus ap{)ears like black spots, often 
of enormous size. These spots are almost always comprised 
within a zone of the sun’s surface, whose breadth measured on 
a solar meridian docs not extend beyond 30}^ on each side of 
his equator, tliough they have been seen at a distance of 39i°. 
The dark central part of the spots is surrounded by a succession 
of obscure cloudy envelopes increasing in brightness up to a 
penumbra, sometimes there are three or more shades, but it 
requires a good telescope to distinguish the intermediate ones. 
The spots gradually increase in size and number from year 
to year to a maximum, and then as gi'adually decrease to a 
minimum, accomplishing regular vicissitudes in periods of about 
eleven years, and are singularly connected with the cycles of 
terrestrial magnetism. From their extensive and rapid changes, 
there is every reason to believe that the exterior and incandescent 
part of the sun is gaseous. 

Doubts have arisen as to the uniformity of the quantity of 
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heat emitted by the sub. &ir William Herachel was the first to 
suspect that it was affected by the quantity and magnitude of 
the spots on his surface ; Professor Secchi has observed that the 
spots are less hot than the luminous part and now Profesi^r 
Wolf has perceived that the amount of heat emitted by the sun 
varies periodically with the spots every ll’ll years, or nearly 
nine times in a century, beginning at the commencement of the 
present one. He has discovered a sub-period in that of the 
spots, which no doubt has an effect on the quantity of solar heat. / 
So the unaccountable vicissitudes in the temperature of different 
years may ultimately be found to depend upon the constitutpn 
of the sun himself. | ^ 

The intensity of the sun’s light dijor’ cejlftre to 

the circumference of the solar direct liglit been 

estimated to be equal to that of ^ «|^^^mndles of, moderate 
size placed at the distance of one obje^ tbat of the 

moon is probably only equal to SJvjjfeght of cqilcandle at the 
distance of 12 feet : consequently light k sun is more 
than three hundred thousand times great^«iian that of the 
moon. According to Professor ilecchi’s Aperiments at Home, 
the heat of the solar image is ak^t twice ||s great at the centre 
as at the edge. The maxin^m heat, hli^ever, is not in the 
centre, but in the solar egytor, and the ^^ts arc less hot than 
the rest of the surface. 

The oceans of light and l^t probably arifeg from electric or 
chemical processes of immeni||ji energy that oon&nually take place 
at the sun’s surface (N. 217)iare transmitted B^indulations by 
the ethereal medium in all ^n]^oti6ns \ but notMthstanding the 
sun’s magnitude and the inconceivable intensity db^ht and heat 
that must exist at his surface, as me intensity of bot^iminishes as 
the square of the distance inCreases^his kindly infiue& can hardly 
be felt at the boundaries of our teystem. In UrBus the sun 
must be seen like a small brilli®t star not aboveme hundred 
and fiftieth part as bright as he ap^ars to us, but is 2000 
times brighter than our mood, soj^at he is rcally'l^gim to 
Uranus, and may impart some den^ of warmth. But 
consider that water would not rem^ fluid in any part of 
even at his equator, and that, in the te^erate zones of the 
planed even alcohol and quicksilver would freeze, we may 1 
some idea of the cold that must reign in Uranus and Neptune^ :^ 
• L 3 
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The climate of Venus more nearly resembles that of the earth, 
though, excepting at her poles, much too hot for animal and 
vegetable life such as they exist here, for she receives seven times 
as much light and heat as the earth does ; but in Mercury the 
mean heat from tfie intensity of the sun’s rays must be above 
that of boiling quicksilver, and water would boil even at his 
poles. Thus the planets, though kindred with the earth in 
motion and form, are, according to our experience, totally unfit 
for the habitation of such a being as man, unless indeed their 
-temperature should be modified by circumstances of whicl ^y e 
not aware, and which may increase or diminish the sei^bV 
heat t ^ render them habitable. In our utter ignoranS^ it 

may^ observed, that the earth, if visible at all from Neptune, 
can omly^ a minute telescopic object ; that from the nearest fixed 
star dwindle to a mere point of light ; that the 

whole 8ola!M>*^'B there be hid by a spider’s thread ; and 
that the start^here at a starry 

systems, the Jus bounded alone by the imper- 
fection of our sR I a> a In this overwhelm- 
ing majesty gf J S* § to affirm that the earth 

alone is g o ^ 5 > ciiigem beings, and thus to limit the 
Omnipot^ s notn&qg in vain. 

Several i m ^lapets have exte^ive and dense atmospheres : 
according to* ochroeter the atmosphlpre of Ceres is more than 668 
miles high, and tliat of Pallas has 8&n elevation of 465 miles, but 
not a trace of an atmosphere can bfe perceived round Vesta, The 
attraction of the earth has probdbly deprived the moon of hers, 
for the refractive power of the air at the surface of the earth is at 
least a thousand times as great as at the surface of the moon: the 
lunar atmosphere must therefore he of a greater degree of rarity 
tlian can be produced by our best air-pumps. This is confirmed 
by Arago’s o^ervations during a solar eclipse, when no trace of a 
lunar atii^osphere could be iteen. Since then, however, some 
indicatioj|s of air have been perceived in the lunar valleys. In 
taking photograpliic images of the moon and Jupiter at Rome, 
Professor Secchi found that; the light of the full moon is to that 
of the quarter moon as 3 to 1. Jupiter gives a photographic 
image as bright and vigorous as the brightest part of the mo(m; 
but although the light of Jupiter is less than that of the jpooD, 
he is nearly five times farther from the sun; and as light 
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diminishes as the square of the distance increases, the light of 
Jupiter is proportionally greater than that of the moon, conse- 
quently Jupiter’s atmosphere reflects more light than the dark 
volcanic soil of the moon ; thus Professor Secchi observes phono- 
graphy may in time raveal the quality of the materials of which 
the celestial bodies are formed. 

The effect of the earth’s atmosphere on lunar heat is remarkable. 
Professor Forbes proved that the direct light of the full moon is 
incapable of raising a thermometer the one three thousandth part 
of a Centigrade degree, at least in England ; but at an elevation 
8870 feet on the Peak of Teneriffe, Mr. Piazzi Smyth fou^ a 
very sensible heat from the mopn, although she was 
south Of the equator ; so it is no doubt absorbed by ourAtmo- 
spbere at lower levels. yf 

Some exceedingly interesting experiments might ^'^ade by 
means of a telescoj)e having a prism objective 

extremiiy, and furnished with a micromp'^ the 

.difference of the illumination of iained 

with extreme accuracy^ — ^as for e^hmple, '^3|^ompa >. intep-t 

sity between the bright and dam^parts o^he moof^^,e com-? 
parative intensity of the solar J^ht refleejm by the' !]8ix)n, and 
the lumtere cendr^, or the lid^fof the eartlweflected on the moon, 
whence a comparison mightjK made betwe^ the light of the sun 
and that of the earth. H«ce also it migtt be known whether 
the terrestrial hemispheres wcessivcly visibll^rom the moon are 
more or less luminous, acevding as they col^in more land or 
water, and at the same tium it might be po^^lo to appreciate 
the more or less cloudy or clcl^ state of our atn|^ph6re, so that 
in time we might ultimately fmd in the lumier^w|endr^ of the 
moon data upon the mean dialhaneity of diffci^l^ terrestrial 
hemispheres which are of differenvtemperaturcs. 

It is found by experience that h^t is developed iflbnaque and 
translucent substances by their akorption of solaflfcght, but 
that the sun’s rays do not sensibs' alter the templkj|ture of 
perfeedy transparent bodies througl^hich They pass. the 
temperature of the pellucid planetafj^^spacc can be bufl 
affected by the passage of the sun’s lig\t and heat, neithei^^ 
it be sensibly raised by the heat now radiated from the earth. 

Doubtless the radiation of all the bodies in lhe*uni verse mam 
tains the ether^l medium at a higher temperature than it would 
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othenvise have, and must eventually increase it, but by a 
quantity so evanescent that it is hardly possible to ooneeive a 
time when a change will become perceptible. 

The temperature of space being so low as — 239® Fcd^renheit, 
it becomes a matter of no small interest to ascertain whether the 
earth may not he ultimately reduced by radiation to the tempera- 
ture of the surrounding medium ; what the sources of heat are ; 
and whether they be sufficient to compensate the loss, and to 
maintain the earth in a state fit for the support of animal and 
vegetable life in time to come. All observations that have been 
made under the surface of the ground concur in proving that there 
is a stratum at the depth of from 40 to 100 feet throughout the 
whole earth where the temperature is invariable at all times and 
season?, and which differs but little from the mean annual tem- 
perature of the country above. According to M. Boussingault, 
that stratum equator is at the depth of little more than 
a foot in plac® ®i^^ed from the direct rays of the sun ; but 
in our climates u^\bitaiiuch greater depth. In the couise of, 
more than half a cei**^”^e fl»»nperature of the earth at the depth 
of 90 feet, in the cof( Observatory at Paris, has never 

been above or below t®*? sd?®*?^irenlicit’s thermomater, which is 
only 2® above the ri^ns temperature at Paris, This 

«one, unaffected by ®^^^om above, or by the internal 

heat from below, Sf*/®of?p^*^®®P^T'in whence the effects of the 
external heat are J® bas internal tem- 
perature of the gh^^ b-fe 

As early as th« has proMbinsanne discovered in the lead- 
mines of Giroro ^wer of the fl-Y^'mountJins, three leagues from 
Pefort, that as great a^^ increases with the depth below 

the zone of theief^^ ^ jj^^^ber of observations 

have been made since that tSme, in the mines of Europe and 
America, by MM. Saussure, DAubuisson, Humboldt, Cordier, Pox, 
Reich, and others, which agree, without an exception, in proving 
that the temperature of the earth becomes higher in descending 
towards its centre. The giVatest depth that has Imn attained is 
in tlj^ silver-mine of Quanaxato, in Mexico, where M.deHumboldt 
fqdnd a temperature of 98® at the depth of 285 fathoms, the 
mean annual temperature of the country being oilly 61®. Next 
to that is the T)alcoath copper-mine, in Cornwall, where Mr. 
Fox’s thermometer stood at 68® in a hole in the rock at the 
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depth of 230 fathoms, and at 82^ in water at the depth of 240 
fathoms, the mean annual temperature at the surface b^g about 
50^, But it is needless to multiply examples, all of which concur 
in showing that there -is a very great difference between the 
temperature in the interior of the earth and at its surface. Mr. 
Fox’s observations on the temperature of springs which rise at 
profound depths in mines afford the strongest testimony. He 
found considerable streams Sowing into some of the Cornish 
mines at the temperature of 80® or 90®, which is about 30® or ^ 
40® above that of the surface, and also ascertained that nearl;^ 
2,000,000 gallons of water arc daily pumped from the bottofn 
of the Poldice mine, which is 176 fathoms* deep at 90® or 
As this is higher than the warmth of the human body, Mr^ox 
justly observes that it amounts* to a proof that the ii^ased 
temperature cannot proceed from the persons of theyforkmcn 
cmploy’ed in the mines. Neither can the .warmth /f mines be 
attributed to the condensation of the cur which ven- 
tilate them. Mr. Fox, whose opiru;\ ^^^ authority in 

these matters, states that, even h the V^t mines, the con- 
densation of the air would not mlse the tex^peyature more than 
5® or 6® ; that, if the heati^^ld be at/ ribiited to this cause, 
the seasons would sensibly j^ect the tJmpcrature of mines, 
which it appears they do nc^vhere the dejfeh is great. Besides, 
the Cornish mines are geifrally ventilateokby numerous shafts 
opening into the galleries the surfacd^or from a higher 
lejjpl. The air circulates Lely in these, dweending in some 
sh^ts and ascending in othL, In all cases mV Fox found that 
the upward currents ire o(L higher temperature than the de- 
scending currents; so muchL that in winter 4 ^ moisture is 
often frozen in the latter to a^nsiderable deptltt. the circula- 
tion of air, therefore, tends to col the mine instea^ptf increasing 
the heat. Mr. Fox has also remLod the ohj#^ 'ons^sing from 
the comparatively low temperatu.^f the water in tflb shafts of 
abandoned mines, by showing thal observations in them, from 
a variety of circumstances which ^ enumerates, are dis- 
cordant to furnish any conclusion the actual heat the 
earth. The high temperature of miries.might he attributedtto 
the effects of the fir^, candles, and guhpowder used by tie 
miners, did not a sii ^r increase obtain iirydecp wells, and in 
borings to great deptif in search of water, where no suci causes ' 
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of disturbance occur. In a well dug with a view to discover 
salt in the canton of Berne, and long deserted, M. de Sanssurc 
had the most complete evidence* of increasing heat. The same 
has been confirmed by the temperature* of many wells, both in 
France and England, especially by the Artesian wells, so named 
from a peculiar method of raising water first resorted to in 
Artois, and since become very general. 4^ Artesian well con- 
sists of a shaft a few inches in diameter, bored into the earth* 
till a spring is found. To prevent the water being carried off 
by the adjacent strata, a tube is let down which exactly fills the 
bore from top to bottom, in which the water rises pure to tKe 
surface. It is clear the water could not rise unless it had pre- 
viously descended from high ground through the interior of the 
earth to the bottom of the well. It* partakes of the temjwra- 
turc of the strata through which it passes, and in every instance 
has been ^armQjyji proportion to the depth of the wcll‘1 but it 
is evident of increase cannot be obtained in this 

manner. Perha*? satisfactory experiments on record 

are those made Auguste de la Hive and P. Marcet 

during the year 4833, in a boring for water about a league from 
Geneva, at a place 318 feet above the level* of lake. The 

depth of the bore wa? 727 feet, and the diameter only between 
four end five inches. No spring was ever found ; but the shaft 
filled with mud, from the moisture of the ground mixing with 
the earth displaced in boring, which was peculiarly favourable 
for the experiments, as the temperature at each depth ma}y)e 
considered to be that of the particular stratum. In this c^e, 
where none of tlic ordinary causes of disturbance could exist, and 
where every** precaution was employed by scientific and expe- 
rienced observers, the temperature was found to increase regu- 
larly and Uniformly with the depth at the rate of about 1° of 
Fahrenheit for every 52 feet. Professor Reich of Preyberg has 
found tli^ the mean of a great number of observations both in 
mines and wells is 1° of Fahrenheit for every 55 feet of dep'th ; 
and fr/om M. Arago’s observations in the Grenel^ Artesian well at 
Paris, the increase is 1° of Fahrenheit for everylt5 feet. Thou» 
there can be .no doubt as to tbe increase of ten^rature in pene- 
trating the crust of the earth, there is still much uncertainty as 
^io the law of increase, which varies with the nature of the soil 
' and,other local circumstances ; but, on an average, it has been^ 
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estimated at the rate of 1° for every 50 or 60 feet, which con«- 
sponds with the observations of MM. Marcet and De la Kive. 
In consequence of the rapid increase of internal heat, thermal 
springs, or such as are independent of volcanic action, rising 
from a great depth, must necessarily be very rare and of a high 
temperature ; and it is actually found that none are so low as 
68^ of Fahrenheit ; that of Chaudes Aigues, in Auvergne, is 
about 136°, In many places warm water from Artesian wells 
will probably come into use for domestic purposes, and it is ' 



conductor of heat as lava, which often retains its heat at a very 
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little depth for years after its surface is cool. Whatever the 
radiation of the earth might have been in former times, certain 
it is that it goes on very slowly in our days ; for M. Fourier 
has computed that the central heat is decreasing from radiation 
by only about the gjjJroth part of a degree in a century. If so, 
there can be no doubt that it will ultimately be dissiimted ; but 
as far as regards animal and vegetable life, it is of very little 
cbnsequence whether the centre of our planet be liquid fire or 
ice, since its condition in either case could have no sensible eflect 
on the climate at its surface. The internal fire, does not even 
impart heat enough to mdt the snow at the poles, though 
nearer to the centre than any other part of the globe. 

The immense extent of active volcanic fire is one of Uie causes 
of heat which must not be overlooked. 

The range of the Andes from Chile to the nor\h of Mexico, 
probably from (ggge Horn to Behring Straits, is one vast dis- 
trict of including the Caribbean and the West 

Indian Islands ^ ^ stretching quite across the 

Pacific Ocean, tii)]jc> |nS;he l^dyncsian Archipelago, the New 
Hebrides, the Georgian and Irriendly Islands, on the other. 
Another chain begins with tlfc Aleutian Islands, extends to 
Kamtscliatka, and from thenoe passes through the Kurile, 
Japanese, and Philippine Islands, to the Moluccas, whence it 
spreads with territie violence tliroiugh the Indian Archii.)elago, 
even to the Bay of Bengal, Volcanic action may again be 
followed from the entrance of the Persian Gulf to Madagascar, 
Bourbon, the Canaries, and Azores. Thence a continuous 
igneous region extends tlirough Jibout 1000 gcographicar miles 
to the Caspian Sea, including the Mediterranean, and extending 
• north and south between the 35th and 40tli i)arallels of latitude ; 
and in central Asia a volcanic region occu])i(« 2500 square geo- 
graphical miles. ITie volcanic fires arc devclojied in Iceland in 
tremendous force; and the antarctic land discovered by Sir 
James Boss is an igneous ^fonnation of the boldckt stnicturc, 
where a volcano in high activity rises 12,000 feet alxwo the 
jierjlctual ice of these iJolar deserts, and within of tlJ 
wiuth |)olc. Throughout this vast jicrtion of the world the sub- 
torrani-ous fire is ofien intcns*dy active, proilucing such violent 
earthquakes and f ruption.s that their effects, accuniulatcil during 
milUons of. years, may account for many of the great geological 
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changes of igneous origin that have already taken plate in the 
earth, and may occasion others not less remarkable, should time 
— that essential element in the vicissitudes of the globe — be 
granted, and their energy last. 

Sir Charles Lyell, who has shown the power of existing causes 
with great ingenuity, estimates that on an average twenty erup- 
tions take place annually in different parts of the world ; and m^y 
must occur or have happened, even on the most extensive Jtnd 
awful scale, among people equally incapable of estimating their 
effects and of recording them. We should never have known 
the extent of the fearful eruption Avhich took place in the islajW 
of Sumbawa, in 1815, but for the accident of Sir Stamfwd 
Raffles having been governor of Java at the time. It heg^ on 
tlie 5tli of April, and did not entirely cease till Julv>»'*^Thc 
ground was shaken through an area of 1000 miles jpr circum- 
ference ; the tremors were felt in Java, tlu {^as, a great 
l)art of Celebes, Sumatra, and llorneo.i^'jj /nations were 

heard in Sumatra, at the distance /of 9 < (tei^ *§u‘cal miles in a 
straight line ; ftnd at Ternate, 720( miles in i^pposite direction. 
The most dreadful whirlwinds c/urricd mm and cattle into the 
air ; and with the exception of ^0 i)ersons,fthe whole population 
of the island perished to tli^ amount of 1.2,000. Aslies were 
carried 300 miles to Java is such qiiantimes that the darkness 
during the day was more prcloiind than evemad l)ecn witnessed 
in the most obscure night. Wie face of the ewntry was changed 
the streams of lava, and 1* the upheaving aid sinking of the 
.s«)il. The town of Tomhoro was submerged, an;l water stood to 
the depth of 18 feet in places which had been dW land. Ships 
grounded where they had prev^^sly anchored, aiV others conld 
hardly penetrate the mass of cindcils which hoated ^ the surface 
of the sea for so,vcral miles- to thd depth of two fee^^ A catas- 
trophe similar to this, though of magnitude, bxUv^Aace in 
the island of Bali in 1808, which w’V\s not lieard of in 
till years afterwards. The eruption of Cosegni"' fiii the of 
Fonseca, wliich l)egnn on the 19lh of .ft^nnarv, 1835, and laktcd 
many days, was even more dreadful and extensive in its etl«s 
than that of SuinUiwa. The asho^ duriivi dns er\i])tion weS 
earned by tlu? upper current of the atinosjhvre as far north 
Chiassa, which is upwards of J0(> leagues ur the wijidward of 
that volcano. Many volcanoes supjwsed to he extinct hare all 
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at once burst out with inconceivable violence. Witness Vesti-^ 
vius, on historical record ; and the volcano in the island of St. 
Vincent in our own days, whose crater was lined with large 
trees, and which had not been active in the memory of mai). 
Vast tracts are of volcanic origin where volcanoes have ceased to 
exist for ages. Whence it may be inferred that in some places 
thi subterraneous fii'es are in the highest state of activity, in 
some they are inert, and in others they appear to be extinct. 
Yet there are few countries that are not subject to earthquakes 
of greater or less intensity; the tremors are propagated like a 
sonorous undulation to such distances that it is impossible to 
say in what point they originate. In some recent instances 
tlicir power must have been tremendous. In South America, 
so lately as 1822, an area of 100,000 square miles, which is 
equal in extent to the half of France, was raised several feet 
above its psf#^ '‘^el — most able account of which is given 
in the * Tran^’tain *1? Jie Geological Society,* by an esteem^ 
friend 'of the {jh tne le.te Mrs. Graham, who was, present 

during the 'whofc^inio of thjat formidable earfhquake, which 
recurred at short intervals l(or more than two monthsj and 
who possessed talents to appreciate, and had opportunities of 
observing, its eifecta under the most favourable circumstances 
at Valparaiso, and for miles alon^ the coast where it was most 
intense. A considerable elevatior. of the land has again taken 
place along the coast of Chile, iii consequence of the violent 
earthcpiake which happened on the 20th of February, 1835. 
In 1819 a ridge of land stretching for 50 miles across the 
delta of the Indus, 16 feet broad, was raised 10 feet above the 
plain. The /reader is referred to Sir Charles Lyell’s excellent 
‘ Principles of Geology,* already mentioned, for most inte- 
resti;ig ^Aiiils of the phenomena and extensive effects of vol- 
canoes,/ and earthquakes, too numerous to find a place here. 
It ijhay however be mentioned that innumerable earthquakes 
are/ from time to time shaking the solid crust of the globe, 
anjfi carrying destruction to distant regions, progressively 
t^ugh slowly accomplishing the great work of chknge. ^ A 
.'bost disastrous instance took place on the 15th of December, 
1857, in the Neapolitan provinces of La Basilicata and Frincipato 
Citeriore, where' the destructioq was* extensive and terrible ; 
the number of victims, according to the official accounta, being 
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returned at upwards of ten thousand; These terrible engines 
of ruin, fitful and uncertain as they may seem, must, like all 
durable phenomena, have a law which may in time be discovered 
by long-continued and accurate observations. 

The shell of volcanic fire that girds the globe at a small depth 
below our feet has been attributed to different causes* By some 
it is supposed to originate in an ocean of incandescent matter, 
still existing in the central abyss of the earth. Some conceive 
it to be superficial, and due to chemical action, in strata at no 
very great depth when compared with the size of the globe. Th^' 
more so as matter on a most extensive scale is passing from oM 
into new combinations, which, if rapidly effected, {ire capablefcf 
producing the most intense heat. According to others, electridlty, 
which is so universally diffused in all its forms througlyiu the 
earth, if not the immediate cause of the volcanic pherminena, at 
least determines the chemical affinities tha/ them. 1 1 

is clear that a subject so involved in m;^ emitt^^ 
much speculation, in which every \\yp'>(tem» " attended with 
difficulties that observation alone remov^ 

But the views of Mr. Babbag^nd Sir Jjhn Herschel on the 
general cause of volcanic actic^and the (pnges in the equili- 
brium of the internal heat^ the globe, iljcord more with the 
laws of mechanics and radiam heat than an^that have been pro- 
posed. The theory of thesAlistingiiislied |&ilosophers, formed 
independently of each othcris equally consi^nt with observed 
phenomena, whdther the earfc be a solid crii^ encompassing a 
nucleus of liquid lava, or thamherc is merely a\yast reservoir or 
stratum of melted matter at a!Modcrate depth hww the super- 
ficial crust. The author is il^ebted to the kindness of Sir 
Charles Lyell for the perusal of a itiyst interesting l<|tter from Sir 
John Herschel, in which he states Iiis views on the subject. 

Supposing that the globe is mereV a solid crust, resting uiion 
fluid or semi-fluid matter, whether 'extending to the centre or 
not, the transfer of pressure from one part of its surface to 
another*by the degradation of existing continents, and the forma- 
tion of new ones, would be sufficient to subvert the equilibrium 
of heat in the interior, and occasion volcanic eruptions. For, 
since the internal heat of the earth is transi^^tted outwards by 
radiation, an accession of new matter on any i)art of the surface, 
like an addition of clothing, by keeping it in, would raise the 
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temperature of the strata below, and in the course of ages would 
even reduce those at a great depth to a state of fusion. Some of 
the substances might be converted into gases ; and should the 
accumulation of new matter take place at the bottom of the sea, 
as is generally the case, this lava would be mixed with water in 
a state of ignition in consequence of the enormous pressure of 
the ocean, and of the newly superimposed matter which would 
prevent it from expanding into steam. Now Sir Charles Lyell has 
shown, with his usual talent, that the quantity of matter carried 
down by rivers from the surface of the continents is comi)ara- 
tively trifling, and that the great transfer to the bottom of the 
ocean is produced at the coast-line by the action of the sea ; 
hence, says Sh* John Hcn-schcl, “ the greatest accumulation of 
local pressure is in the central area of the deep sea, wliile the 
greatest local relief takes place along the abraded coast-lines. 
Here then sl^#/^fcur the chief volcanic vents.” As the crust 
of the earth^^lain eaker on the coasts than elsewhere, it is 
more easily riqMSl^oii^^v, as Mr. Babbage observes, immense 
rents might he proRiced there| by its contraction in cooling down 
after being deprived of a portion of its original thickne.ss. I’ho 
pressure on the bottom of the ocean would force a colui'''!- of 
lava mixed with ignited water and gas to rise through an op* n- 
ing thus formed, and, says Sir JohniHcrscbcl, “ when the colr"m 
attains such a height tliat the ignited water can becomc stea.n, 
the joint specific gravity of the column is suddenly diminished, 
and up comes a Jet of mixed steam and lava, till so much has 
escaped that the matter diqiosited at the bottom of the ocean 
takes a fresh hearing, whdn the evacuation ceases and the crack 
becomes sealed up.” 

This theory perfectly accords with the phenomena of nature, 
since there are very few active volcanoes at a distance from the 
sea, and the exceptions that do occur are generally near lakes, or 
they iave connected with volcanoes on the maritime coasts. Many 
breat out even in the bottom of tlie ocean, probably owing to 
some of the supports of .the superficial crust giving way,- so that 
the steam and lava arc forced up through the fissures. 

Finally, Mr. Babbage observes that, “ in consequence of 
changes continualJi;^ going on, by the destniction of forests, the 
filling up of seas, the wearing down of elevated lands, the heat 
radiated from the earth’s surface varies considerably, at diflerent 
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periods. Iii consequence of tliis variation, and also in conse- 
quence of the covering up of the bottom of the sea by tlie detritus 
of the land, the surfaces of equal temperature within the earth 
are continually changing their form, and exposing thick beds 
near the exterior to alterations of temperatiTre. The expansion 
and contraction of these strata may form rents and veins, ])roduce 
earthquakes, determine volcanic eruptions, elevate continents, 
and, possibly, raise mountain chains.” 

The numerous vents for the internal heat formeil by volcanoes, 
hot springs, and the emission of steam, so frequent in volcaniof 
regions, no doubt maintain the tranquillity of the interior fluki 
mass, which seems ^to be perfectly inert unless when put fn 
motion by unequal pressure. / 

But, to whatever cause tlie increasing beat of the earth and 
tlie subterranean fires may ultimately be referred, it i«f certain 
that, except in some local instances, they bn all boQif ildc effect 
on th temperature of its surface. Bind emitting ^re be con- 
cluded that tlie heat of the earth, ^bovitemp^ine of uniform 
temperature, is Entirely owing to the sun, #* ‘ 

J'he power of the solar rays expends mup upon the manner 
\\\ vhich they fall, as we rc^ly perceivm from the dificrent 
climates on our globe. Althrfgh the sun is'»about three millions 
• if miles nearer to the earth m winter than in summer, liis rays 
.strike tlie atmosphere in thcpiortlicrii licmisphcrc so obliquely 
that it absorbs a much greatA (iiiantity of lic}V.j than when they 
are iiivire direct (N. 217). In^d it is so greaV-that, when the 
sun has an altitude of 30°, onel^lf of his heat is absorbed by the 
atmosphere, and it increases veif raiiidly as he sinkjs towards the 
iiorizon. However, that heat is Vot lost : it is nios4 beneficial to 
the earth, being really the he«at which snp])lics the ^eatest part 
of that which is radiated into simcc during the absencc^vC the sun. 
Professor Dove has sliown, by taking at all seasons the of 
the temperatures of fioints on the earths surface diaraetriiially 
opposite to each other, tliat the average tcUipcrature of the wlmia 
earth's surface in June, when we are farthest from the sun, con-« 
siderably exceeds that in December, when Wij arc nearest to him, I 
owing to the excess of water in'^thc southern hemisphere, arid'^ 
tluit of land in. the northern, which gives* a general insular 
climate to the former, and a continental climate to the latter. 

The observations of the north polar navigators, and those of 
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*Sir John Herschel at the Cape of Good Hope, show that the 
direct heating influence of the solar rays is greatest at the equator, 
and that it diminishes gradually as the latitude increases. At 
the equator the maximum is 48i^, while in Europe it has never 
exceeded 29J®. 

M. Pouillet has estimated with singular ingenuity, from a 
series of observations made by himself, that the whole quantity 
of heat which the earth receives annually from the sun is such as* 
would be sufficient to melt a stratum of ice covering the whole 
globe 46 feet deep. Part of this heat is radiated back into space ; 
but by far the gveater part descends into the earth during the 
summer, towards the zone of uniform temperature, whence it 
returns to the surface in the course of the winter, and tempers 
the cold of the ground and the atmosphere in its passage to the 
ethereal regions, where it is lost, or rather where it combines 
with the r, the other bodies of the universe in main- 
taining the'* of space. The 'sun's power being 

greatest betw€^‘‘^t4^^.*opics, the heat sinks deeper there than 
elsewhere, and tlieSepth gi*adually diminishes towards the poles; 
but the heat is also transmittcil latemlly from the warmer to the 
colder strata north and south 6f the equator, and aids in tem- 
pering the severity of the polar regions. 

The moan heat of the eartlj, above the stratum of constant 
temperature, is determined from ' that of springs ; and, if the 
spring be on elevated gi’ound, the temperature is reduced by 
computation to what it would be at the level of the sea, assuming 
that the heat of the soil varies according to the same law as the 
heat of the atmosphere, which is about of Fahrenheit’s ther- 
mometer for tevery 333*7 feet. From a comparison of the tem- 
perature of numerous springs with that of the air. Sir David 
Brewsteij oncludes that there is a particular line posing nearly 
through l8erlin, at which the temperature of springs and that of 
the atmosx)hero coincide ; that in approaching the arctic circle 
the temperature of spiings is always higher than that of the air, 
while, proceeding towards the equator, it is lower. 

.. Since the warmth of the superficial strata of the earth de- 
creases from the equator to the poles, there are many places in 
both hemisphere/ wfaSre the ground has the salq^ mean tempera- 
ture. If lines Were drawn through all those points in the upper 
strata of the globe which have the same mean annual tempera- 
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tiire, they would bo nearly parallel to the equator between the 
tropics, and would become more and more irregular and sinuous 
towards the poles. These are called isogeothermal lines. A 
variety of local circumstances distiirb their i)arallelism, even 
between the .tropics. 

The temperature of tlie ground at the equator is lower on the 
coasts and islands than in the interior of continents ; the warmest 
part is in the interior of Africa ; but it is obviously affected by 
the nature of the soil, especially if it be volcanic. 

Much has been done to ascertain the manner in which heat 
is distributed over the surface of our planet, and the variaJ 
tions of climate, which, in a general view, mean every change 
of the atmosphere, such as of temperature, humidity, varia- 
tions of barometric pressure, purity of air, the serenity ot the 
heavens, the effects of winds, and electric tension. Tem- 
perature depends upon tlie property which all bodies possess, 
more or less, of perpetually absorbing and emitting or radiating 
heat. When the interchange is equal, thii temperature of a body 
remains the same ; hut, when the rs^li^tion esceeds the absorp- 
tion, it becomes colder, and vice versa. In order to determine 
the distribution of heat over the .surface of the earth, it is neces- 
sary to find a standard by wl^^ the temperature in different 
latitudes may be compared, ro that purpose it is requisite to 
ascertain, by experiment, the mean temperature of the day, of 
the month, and of the year, at many places as possible through- 
out the earth. The annual a^rage temperature may be found 
by adding the mean tenqieratui^s of all the months in the year, 
and dividing the sum by twelve. The.average of ten* or fifteen 
years will give it approximately; for, although the^ temperature 
in any place may be subject to verj?|great variations, Wet it never 
deviates more than a few degrees fronwts mean state, Vhich con- 
sequently offers a good standard of comparison. As a standard, 
however, much greater accuracy is required. x 

If climate depended solely upon the heat of the sun, all plam 
having the same latitude would have th^ same mean annuall 
temperature. The motion of the sun in the ecliptic, indeed,] 
occasions perpetual variations in the length of the day, and in the 
direction of the rays with r^rd to the earth ; yet, as the cause 
is periodic, the mean annual temperature from the sun’s motion 
alone must be constant in each parallerof latitude; for it is 



240. HEAT DECREASES WITH HEIGHT. Sect. XXV. 

evident that the accumulation of heat in the long days of summer, 
which is but little diminished by radiation during the short 
nights, is balanced by the small quantity of heat received during 
ihe short days in winter, and its radiation in the long, frosty, 
and clear nights. In fact, if the globe were everywhere on a 
level with tlie surface of the sea, and of uniform sul^tance,. so as 
to absorb and radiate heat equally, the mean heat of th^ sun 
would bo regularly distributed over its^ surface in zones of equal 
annual temperature parallel to the equator, from which it would 
decrease to each pole as the square of the cosine of the latitude ; 
find its quantity would only depend upn the Altitude of the sun 
and atmospheric currents. The distribution of heat, however, in 
the same parallel, is very irregular in all latitudes except between 
the* tropics, where the isothennal lines, or the lines passing 
through places of equal mean annual temperature, are more 
nearly jirallel to the equator. The causes of disturbance are; 
very numeious ; but such as have the greatest influence, accord-^i- 
ing to M. de HumboldH^ whom are indebted for the greater 
part of what is known on tihe subject, are the elevation of the 
continents, the distribution oftjand and water over the surface of 
the globe exposing different ab^rbing and radiating powei’s ; the 
variations in the surface of th^dand, as forests, sandy dei erts, 
verdant plains, rocks, &c. ; mountain-chains covered witli 
masses of snow, which diminish tUe temperature ; the reverbera- 
tion of the sun’s rays in the valley's, which increases it ; and the 
interchange of currents, both of air and water, which mitigates 
the rigour of climates ; the warm currents from the equator 
softening the severity of, the polar frosts, and the cold currents 
from the poles tempering the intense heat of the equatorial 
regions. To these may be added cultivation, though its influence 
extends oVer but a small portion of the globe, only a fourth part 
of the fend being inhabitiAi. 

^Temperature decreases with the height above the level of .the 
sea, as well as with the latitude. The air in the higher regions of 
/‘the atmosphere is mudh cooler than that below, because the warm 
air expands as it rises, by which its capacity for heat is increased, 
a great proportion becomes latent or absorbed, and less of it 
sensible. A portion of air at the surface of the earth whose tem- 
I)erature is 7(P of Fahrenheit, if carried to the height of two 
miles and a hcdf| would expand so much that its temperature 
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would be reduced 50®; and in the ethereal regions the tem** 
perature is 239® below the zero point of Fahrenheit. 

The height at which show lies perpetually decreases from the 
equator to the poles, and is. higher in summer than in winter; 
but it varies from many circumstances. Snow rarely falls when 
the cold is intense and the atmosphere dry,* Extensive forests 
produce moisture by their evaporation ; and high jtable-lands, on 
the contrary, dry and warm the air, because the air at great ele- 
vations is too rare to absorb much of the sun’s heat. In th^ '^ 
Cordilleras of the Andes, plains of only twenty-five squaye 
leagues from their extent raise the temperature as much as 
or 4P above what is found at the same altitude on the rapi^de- 
clivity of a mountain, consequently the line of perpetuaj-'^now 
varies according as one or other of these causes prevails. / Aspect 
in general has also a great influence ; yet the line of perpetual 
snow is much higher on the. northern than on tV%uthern side 
Ol>the Himalaya, partly because the air is neajpy deprived of its 
moisture by precipitation before it arrijf es at Jpe northern side of 
the mountains; On the whole,^^^ppears .tiiat the mean height 
between the tropics at wbicli liejs perpetually is about 

15,207 feet above the level o^6. sea ; Whereas snow does not* 
cover the gi’ound continually Mtihe level on the ocean till near the 
north pole. In the southcif hemisphere, however, the cold is 
greater than in the northerr* In Sandwich ' Land, between the 
54th and 58th degrees of latnLde, per]:)etual sjiow and ice extend 
to the sea-level ; and in the \land of S. Georeia, in. the 53rd 
degree of south latitude, whicliVorresponds Witli'thc latitude of 
the central counties of England, fJVpetual snow dAi^nds even to 
the level of the ocean. It has bepn^hown that this e^sess of cold 
in the southern hemisphere cannot!^^« attributed to t]^e winter 
being longer than ours by 7} days. is probably owing>to the 
open sea surrounding the south pole,yhich permits the iefergs 
to ^ a lower latitude by 10° than Uiey do in the nortn^ 

hemisphere, on account of the numerous otetructions opposed ta 
them by the islands and continents about ilie nor Jh pole. »Ice-> 
bergs from the Arctic seas seldom float farther^fo the south than \ 
the Azores ; whereas those that come from the soAtJipole descend 
to as low a latitude as that of the Cape of Good , 

The influence of mountain-chains does not wholly depend upon , 
the line of ]^rpetnal congelation. They attract and condense 
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the vapours floating in the air, and send them down in torrents 
of rain. They radiate heat into the atmosphere at a lower eleva- 
tion, and increase the temperature of the valleys by the fcilGCtion 
of the sun’s rays, and by the shelter they afford against prevail- 
ing winds* But,' on the contrary, one of the most general ahd 
powerful causes of cold arising from the Vicinity of i]0ountains 
is the freezing currents of wind which rush from their lofty 
peaks along the rapid declivities, chilling the surrounding 
valleys: such is the cutting north wind called the bise in 
{Witzerland. 

Next to elevation, the difference in tlie radiating and absorb- 
ing powers of the sea and land has the greatest influence in dis- 
tiirbifi^ the regular distribution of beat. The extent of the dry 
land is not above the fourth part of that of the ocean ; so that 
the general t^perature of the atmosphere, regarded as the result 
of the jjartialA^ / neratures of the whole surface of the globe, is 
most powerfully '‘modified by the sea. Besides, the ocean acts 
more uniformly on the? aij:mosphere than the diversified su^go 
of the solid mass does, both equality of its curvatureWS 
its homogeneity. In opaquc^ibstances the accumulation of 
heat is confined to the stratuf^ jicarest the surface. I'lie seas 
become less heated a: tlieir su?Kce than the land, because the 
solar rays, before being extiiiguished, penetrate the transparent 
li'quid to a greater depth and in /greater numbers than in the 
opaque masses. On the other hand, water has a considerable 
radiating power, which, together With evaporation, would reduce 
the surface of the Scean to a very low temperature, if the cold 
particles did not sink to the bottom on account of their superior 
density. Tlie seas preserve a considerable portion of the heat 
they receive in sumiher, from their saltness do not freeze 
so soon as fresh water. SPlhat, in consequence of all these cir- 
cumstances, the ocean is npt subject to such variations of heat 
as the land, and, ^ imparting its temperature to the win^ and 
by its currents, it diminishes the rigour of climate on the ^sts 
and in the islands, which are never subject to such extremes of 
beat and cold as are experienced in the interior of continents, 
though they are liable to fogs and rain from tb^ evaporation of 
the adjaoe^t'S^s. On each side of the equator to the 4feh dc- 
, gree of latitude, the surface of the ocean is in general warmer 
than the air above The mean of the difference of the tern- 



Sect. XXV. TEMrElUlIjrBE OP THE LAND. 243 

peraturc at nooij>nd midnigBt'is about 1 ^^ 37 , the greatest de- 
Tfation never ^feeding from (]P-36 to 2 ^^ 16 , which is much 
cooler than the air over the land. 

On land the temperature depends upon the nature of the soil 
and its products, its habitual moisture or dryness. From the 
eastern extremity of the Sahara de^rt quite across Africa, the soil 
is almost entirely barren sand ; and the Sahara desert itself extends 
over an area of 194,000 square leagues, equal to twice the area 
of the Mediterranean Sea, and raises the temperature of the air by 
radiation from 90° to 100°, which must have « most extensive' 
influence* On the contrary, vegetation cools the air by evappratiop 
and the apparent radiation of cold from the leaves of plants, bec^se 
they absorb more caloric than they give out. The graminjferous 
plains of South America cover an extent ten times greaiier than 
France, occupying no less than about 50,000 square leagues, 
which is more than the whole chain of the Andes, and all the 
scattered mountain-groups of Brazil. Thf^,' together with the 
plains of North America and the gtflppSi 5i' jAroj)e and Asia, 
must have an extensive cooling e0ct on the atjmosphere if it be 
considered that in calm and serjie nights the^ cause the ther- 
mometer to descend 12° or and that in jthe meadows and 
heaths in England the absorrfon of heat by wie grass is suffi- 
cient to cause the temperatuw to sink to the poilnt of congelation 
during the night for ten montfc in the year. Foifests cool the air 
also by shading the ground frA the rays of the siin, and by eva- 
poration from the boughs. Ha» found that the le^es of a single 
plant of hcliaiithus three feet h»h exposed nearly iorty feet*of 
surface ; and, if it be considered thai^ie woody rcgionssif the river 
Amazons, and the higher part of .theOriiioco, occupy f^area of 
260,000 square leagues, some idea may be formed of thSorrents 
of vapour which rise from the* leaves of ^e forests all over the 
globe. However, the frigorific effects ontheir evaporation 
counteracted in some measure by the perfec<; odm which reigiial| 
in the tropical wildernesses. The innumeV^ble rivers, lakes, 
pools, and marshes interspersed through the xyntiiihnts absorb 
caloric, -and cool the air by evaporation ; but, ohNiccount of the 
.chilled and dense; particles sinking to the bottom^ '^eep water' 
diminishes the cold of winteri SO long as ice is not formed. 

In consequence of the difference in tife radiating and absorbing 
powers of tbe set and land, tbeir configiirationr greatly modifies 
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the distribution of heat over the surfacb of the globe. Under 
the equator only one-sixth part of the circumference is land ; 
and the superficial extent of land in the northern and southern 
hemispheres is in the proportjon of three to one. - The 
effect of this unequal division is greater in the temperate 
than in the torrid zondl^, for the area of in the northern 
temperate zone is to tliat in the southern aJ^djkteen to one, 
whereas the proportion of land between theT^fcgr and each 
tropic is as five to four. It is a curious fac^^^^d by Mr. 
‘" Gardner, that otijy one twenty-seventh part of T|^Bgd of the 
. dobe has land diametrically opposite to it. Thisl^^Hfertion- 
atfc.®|^^arrangemcnt of the solid i>art of the globe hai|||Hp^ul 
influx, ^'^nce on the temperature of the southern hcmisp^WiS^itfe. 
besides^ these greater modifications, the peninsulas, promontories, 
and cape^^ . running out into the ocean, together with bays and 
internal seasr^s^on affect temperature. To tBi^sc may be added the 
position of contm» . masses with regard to the cardinal points. 
All these diversit^^ tm^^ u^<\|ind water influe^^, temperature by the 
agency of .the account the^ymperature is lower 

on the eastern c%^gts both of^ie New and Old World than on 
the western; lur, j considering fe^urope as an island, the general 
temi)er.iture is proportiok as the aspect is open to the 

- -- Ocean, tlfc - • - ■ ^ ^ . 


Atlantic 


perficial tem^jeraturo of which, as far north 


as the 45th ^'-^^/^5oth degrees of latitude, does not fall below 48® 
or 51® of 1 ^'-I'^^jnheit, even in the^Tniddle of winter. On the con- 
trary, the colo Russia arises from its exposure to the northern 
and eastern "^^uds. But the EViropean part of that empire has a 
leas rigoro’^; climate than the Asiatic, because it docs not extend 
to so h’’ n a latitude. , 

■Thr^^terfjositioii of atmosphere modifies all the effects 
of (he sun’s heat. Thie earth communicates its temperature so 
sj)wly, that M. Arago has occasionally found as much as from 
i4® to 18® of difference between the heat of the soil and that of 
the air two or three inches above it. * 

The circumstances which have been enumerated, and many 
more, concur in disturbing the regular distribution of heat over 
the globe, and occasion numberless local irregularities. Never- 
theless the .mean annual temperature becomes gradttally lower 
from the equator to the poles. But the diminution of in^n heat 
is most rapid betereen the 40th and 45th degreeo of latitude bo^th 
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in Europe and Americja, which accords perfectly with theory ; 
whence it appears that the variation in the square of the cosine 
of the latitude (N. 127), which expresses the law of the change 
of temperature, is a maximum towcards the 45 th degree of latitude. 
The mean annual temperature under the equator in America 
is about of Fahrenheit : in Africa it is said to be nearly 83^. 
The difference probably arises from the winds of Siberia and 
Canada, whose chilly influence is sensibly felt in Asia and Ame- 
rica, even within 18° of the equator. 

The isothermal lines are nearly parallel to Jbhe equator, till 
about the 22nd degree of latitude on each side of it, where they 
begin to lose their parallelism, and continue to do sofcore 
and more as the latitude augments. With regard to^he 
northern hemisphere, the isothermal line of 59° of Fahrenheit 
passes between Kome and Florence in latitude 43° ; and near 
Raleigh in North Carolina, latitude 36° : that of 50° of equal 
annual temperature runs through the Netherlands, latitude 51° ; 
and near Boston in the United States, latitude 424° : that of 41° 
])asses near Stockholm, latitude 59i° ; and St. George’s Bay, 
Newfoundland, latitude 48°: and histly, the line of 32°, the 
freezing point of water, passes between Ulea in Lapland, latitude 
66°, and Table Bay, on the coast of Labrador, latitude 54°. 

Thus it appears that the isothermal lines, wliich are nearly 
parallel to the equator for about 22°, afterwards deviate more 
and more. From observations made during the numerous 
voyages in the Arctic Seas, it is found that the isothermal lines 
of Europe and America entirely separate in the high latitudes, 
and surround two poles of maximum cold : one, in 79° N, lat. 
and 120° E. long., liaS a mean temperature of 2° Fahrenheit ; 
and the other, whose temperature was determined by Sir David 
Brewster, to be 3i° .Fahrenheit, from the observations of Sir 
Edward Parry is near Melville Island, The po^ of the earth’s 
rotation, whose mean temperature is probably not below 15° 
Fahrenheit, is nearly midway between the two; and the line 
which joins these points of maximum cold is almost coincident 
with that diameter of the polar basin which bisects it, and jiasses 
through its two great outlets into the Pacific and Atlantic 
Ocestos, a most remarkable feature, and strongly indicative of 
the absence of laud, and of the prevalence of a materially milder 
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climate in the polar Ocdan, probably not xmder 15^ Fabre^hi^i’*' 
It ia believed that tyro corresponding poles of mandmut^; ndid 
exist in the sonthem hemisphere, though observations t&f 'was^ 
ing to trace the course of the southern isothermal lines with 
same accuracy as the northern. v . 

The isothermal lines, or such as pass through pl^^ 
the mean annual temperature of the air is the same, do^Ot 
always coincide with the isogeothennal lines, which are thosd 
passing through places where the mean temperature , of the 
ground is the same. Sir David Brewster, in discussing this i^b- 
ject, finds that the isogeothertnal lines are always paralfal to the 
iaoth|Mrmal lines ; consequently the same general formula will 
serve to determine both, since the difference is a constant quan- 
tity obtained by observation, and depending upon the distance 
of the place from the neutral isothermal line. Ihese results are 
confirmed by the observations of M. Kupfier of Kasan during 
his excursions to the^ north, which show that the European and 
the American portions of the isogeothennal line of 82^ of Fahren- 
heit actually separate, and go round the two poles of maximum 
cold*. This traveller remarked, also, that the temperature both 
oi the .air and of the soil decreases tnost rapidly towards the 46th 
degree of latitude. 

It is evident that places may have the same mean annual 
temperature, and yet differ materially in 'climate. In one, the 
winters may be mild and the summers cool ;*whereas anothiBir 
may experience the extremes of heat and cold. Lines passing 
thrbugh places having the same mean summer or winter tempera- 
ture are neither parallel to the isothermal, the, geothermal Knee, 
nor to one another, and they differ still more from the parallds 
of latitude. In Europe, the latitude of two places which have 
the same annual heat never differs more than 8^ or 9^ ; whereas 
the difference in the latitude of those having the same mieati 
winter temperature is sometimes as much aa IBP <a 19^* At 
Kasan, in the interior 6f Bussia, in latitude ^^*48, neir^ tim 
same with that of Edinburgh, the mesfldil^al l^perature is 
about 37^'6 ; at Edinburgh it is Kasan ,the mean 

summer temperature is 64^*84, and thatJNnnter 2^*12 ; whereas 

• ‘ Meteorology,' by Sir J. HersoiiaU 



tte mean summer temperature is 58^'2$; atid that 
OT 3$®*66* Whence it appears thatT 

wintet^mji^itiie much grea than that of summer. At 
QUeh^ are as warm as^ those in Paris^ and grapes . 

lometo^:^^ the open air : whereas the winters are as severe * 
the snow lies five feet deep for several months, 
^d^diiifiri^es be used, the ice is too' hard for skating, 

t^fi^eUihg is performed in sledges, and frequently on the ice of 
liver S liawrence. The cold at Melville Island on the 15th 
pf ^ianuary/^ according to Sir Edward Par^, was 55^ below 

and whW Dr. Epne was 
on the northern coast of Greenland it was 70® below that point; 

the summer heat during the day in these high latitudes is 
insupportable. 

Observations Und to prove that all the climates of the earth 
are stable, and that their vicissitudes arc only periods or oscillar 
tious of more or less extent, which vanislta^in the mean annual 
temperature of a sufiicient number of years. This constancy of 
the mean annual t^perature Of the different palaces on the raiv 
face of the globe jidiows that the same quantity of heat which Is 
atmtpiily receive % the earth is annually radiated into space ; 
and that would be the case even if the quantity of heat emitted 
by the sun should vary with his spots, for, if more were received, 
more woidd bo radiat^ Nevertheless, a variety of causes miay 
disturb the climate of a place ; cultivation may make it wamer ; 
but it is at the expense of some other place, ’which beeches 
colder in the same proportion. There may be a succession of 
cold summers and mild winters, but in some other country the 
contrary takes place to effect the compensation; wind, rain, 
shoW} fog, and the other meteoric phenomena, are*the minnters 
employed to accomplish the changes. The distribution of heat 
inay vary with a variety of circumstances; but the absolute 
quantity lost and gained by the whole earth in the course of a 
' ^^r,^if not ihvatti ^l^ tho same, is at least periodical. 
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SECTION XXVI. 

Influence of Temperature on Vegetation — Vegetation vj^iea-with the Latl* 
tude and Height above the Sea — Geograpliical Distribution of Land 
Plants — Distribution of Marine Plants — Corallines, Shell-flsh, Reptiles, 
Insects, Birds, and Quadrupeds — Varieties of Mankind, yet identity of 
Spedes. 

The gradual decrease of temperature in the air and in the earth, 
from the equator to the poles, is clearly indicated by its influence 
on vegetation. In the valleys of the torrid zone, where the 
annual temperature is very high, and where there is abun^iice 
of light and moisture, nature adorns the soil with all the luxuri- 
ance of i)erpetual augamer. The palm, the bombax ceiba, and a 
variety of magnificent trees, tower to the height of 150 or 2to - 
feet above the banana, the bamboo, the arborescent fern, and 
numberless other tropical productions, so interlaced by creeping 
and parasitical plants, as often to present an impenetrable barrier. * 
But the richness of vegetation gradually diminishes with the 
temperature ; the splendour of the tropical forest’is succeed^ by 
the regions of the vine and olive ; these again yield to the verdwit 
meadows of more temperate climes ; then follow the birch and 
the pine, which probably owe their existence in very high lati- 
tudes more to the warmth of the soil than to that of the air. 
But even these enduring plants become dwarfish shrubs, till a 
verdant carpet of mosses and lichens, enamelled with flowers, 
exlijbits the last sign of vegetable life during the short but fervid 
summers at the polar regions. Such is the effect of cold and 
diminished light on the vegetable kingdom, that the number of “ 
species growing under the equator and in the uorthoirn latitiides 
of 45° and 68° are in the proportion of the numbers 12, 4, and 1, 
Notwithstanding the remarkable difference betwedi a toopical 
and polar flora, light and moisture seem to be alm«»t th© only 
requisites for vegetation, since nestber heat, cold, nor even^ih- 
parative darkness, absolutely destroy the fertility of ikturt In 
salt plains and sandy deserts alone hopeless barrei^nesk jp^viiils. 



Sect. XXVI, | CHEMICAL ACTION OF LIGHT. * 249 

Plants on the borders of hot springs : they fom the oases 
whei'ever moisture exists among the burning sands of Africa ; 
they are found in caverns almost void of light, thUugh generally 
blanched and feeble. The ocean teems with vege^tion. The 
snow itself not only produces a red lichen, discovered by Saussure 
in the frozen declivities of the Alps, found in abundance by the 
^uthor crossing the Col de Bonhomme from Savoy to Piedmont, 
ptnd by the polar navigators in the Arctic regions, but it affords 
shelter to the productions of these mhdspitable climes against the 
piercing winds that sweep over fields of everlasting ice. Those 
undaunted mariners .pja^rate that under this cold defence plants 
spring up, dissolve snow a few inches round, and thp part 
above, being again quickly frozen into a trans^iarent sheet of ice, 
admits tl^j^un’s rays, which warm and cherish the plants in 
this naturS^ iiothouse, till the returning summer renders such 
protection unnecessary. 

The chemical action of light is, however, absolutely requisite 
for the growth of plants which derive their principal nourish- 
ment from the atmosphere. They consume the carbonic acid gas, 
nitrogen, aqueous vapour, and ammonia it contains ; but it \s the 
chemical agency of light that enables them to absorb, decompose, 
and consolidate these substances into wood, leaves, flowers, and 
fruit. The atmosphere would soon be deprived of these elements 
of vegetable life were they not peri)etually supplied by the 
animal creation; while, in return, plants decompose the moisture 
they imbibe, and, having assimilated the carbonic acid gas, they 
exhale oxygen for, the maintenance of the animated creation, and 
thus preserve just equilibrium. ‘ Hence it is the combined and 
powerful influences of the whole solar beams that give such 
brilliancy to the .tropical forests, while, with their decreasing 
energy in the higher latitudes, vegetation 'becomes less vigorous. 
On that account it is vain to expect that the fruit and flowers 
raised in our hothouses can ever have the flavour, perfume, or 
Qolouring equal to that which they acquire from the vivid light 
of their native skies. 

By far the greater number of the known species of plants are 
indigenous in equinoctial America^ Europe contains about half 
the number; Asia, with its islands, somewhat less than Europe ; 
Australia, with the islands in the Pacific, still less; and in 
Africa there are fewer knoWn vegetable productions than in any 
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imrt of the globe of equal extent, for that rich and luxuriant 
region disooverod by Dr. Livingstone has yet to be explo^ 
botanically. ' Very few social plants, such as grasses and heaths 
that cover large tracts of land, are to be found between j^e 
tropics, except on the s^-coasts and elevated plains, 
exceptionii to this, however, are to be met with in the jungles.of 
the Deccan, &c. In the equatorial regions, where the h^|4s 
always great, the distribution of plants depends upon tile me^ : 
annual temperature ; whereas in temperate, zones the distribution 
is regulated in some degree by the summer heat. Some plants 
require a gentle heat of long continuance, others iiourish xnost 
where the extremes of heat and cold are greater. The range of 
wheat is very great ; it may be cultivated as far north as the 
60th degree of latitude; but in the torrid zone it will se^om 
form an ear below an elevation of 4500 feet 4bove the level of 
the sea from exuberance of vegetation ; nor will it ripen gene- 
rally above the height of 12,000 feet ; in Tibet it ripens 
still greater elevation. Colonel Sykes states that in thi^Dcq^k' 
wheat thrives ns low as 1800 feet above the sea. The best 
are produced between the 30th and 46th degrees of nor^i lati- 
tude. With regard to the vegetable kingdom, elevation^ k equi- 
valent to latitude as far as tem];)erature is conce^hi^. In 
ascending the mountains of the torrid zone, the richnesis of the 
tropical vegetation diminishes with the height; a succession of 
plants similar to, though not identical with, those found ijOk lati- 
tudes of corresponding mean temperature takes placq lof^^^ 
forests by degrees lose^ their splendour ; stunted shrubs succeed ; 
till at last the progress of the lichen is checked by perpetual 
snow. On the volcano of Teneriffe there are ^ve. successive 
zones, each producin^distinct families of jdantjs. The first is the 
region of vines, the next that of laurels ; these are followed by 
the region of pines, of Ericas or heaths, of grass; the whole 
covering the declivity of the peak through an extent of 11,200 
feet of perpendicular height. . ' 

Near the equator oaks floarish at the height of 9200 feet 
above the sea; and, .on the lofty range of the Simabiya,;lh^ 
primula, the oonvallaria, and the veronica flower, but not tbe 
primrose^ the lily of the valley, or the veronica, whlA adf^ pur 
meadows; to, although the herbarium coltot^ by ICoo^pIt, 
on his rcfpte from Neetee to Daba and Qartope .ui ^ineise>!jrar- 
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tary, at elevations as high or even higher than Mont ttano^ 
abound in Alpine and European genera, the species are . univer- 
sally different, with the single exception of the Bhodiola rosea, 
yycb is identical with the species that blooms in Scotland. It 
it ixot in this instance alone that similarity of climate obtains 
without identity of productions; throughout the whole globe a 
dertain analogy both of structure and appearance is frequently 
discovered between plants under corresponding* circumstances 
which are yet specificaUy different, it is even saM that a differ- 
ence of 26® of latitude occasions a total change, not only of 
vegetable productions, but of organised beings. Certain it is 
that each separate region both of land and water, Ifrom the 
frozen shores of the polar circles to the burning regions of the 
torrid zone, possesses a flora peculiarly its own*. The whole 

» has been divided by x^hysical geographers into various 
ical districts, differing almost entirely in their specific vege- 
table' the limits of which are most decide^ when 

they arc separated^by a wide expanse of ocean, mountain chains, 
sandy deserts, salt plains, or internal seas. A considerable 
number of plants are common to the northern regions of Asia, 
Europe, and America, where the continents almost unite ; but, 
in approaching the south, the floras of these three great divisions 
of the globe differ more and more even in the same parallels of 
latitude, which shows that temperature alone is not the cause of 
the almost complete diversity of species that eve^wrhere prevails. ' 
The floras of China, Siberia, Tavtary, of the European distriqij; 
including central Europe and the coast of the Mediterranean, 
and the Oriental region comprising the countries round the 
Black and Caspian Seas, all differ in specific character. Only 
twenty-four species were found by MM,. Humboldt and Bonplond 
in Equinoctial America identical with those of the Old World ; 
and Dr. Robert Brown not only found that a peculiair vegeta- 
tion exists in Australia between the 33rd and 35th parallels of 
south latitude, but that at the eastern aud western extremities of 
these parallels not one species is common to both, and that cer- 
tain genera also are almost entirely confined to these spots. The 
number of species common to Australia and Eulope are only 166 
out of 4100, aud probably some of these have been conveyed 
tMther by the colonists; but the greater imt of that ocmtinait 
is Still unexplored. However, &is proportion exceeds what has 
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hitherto been u-ierved in southern Afric?., and, from what hiw 
been already '-toted, the proportion of European species in Equi- 
noctial America is still less. / 

. Islands partake of the vegetation of the 'nearest continentlB ; 
but, when very remote from land, their floras are altogether 
peculiar. The Aleutian Islands, extending between Asia and ^ 
America, partake of the vegetation of the northern parts of both 
continents, and may have served as a chain of communication. 
In Madeira and Tenerifie, the plants of Portugal, Spain, the 
Azores, and of the northern coast of Africa, are found ; and the 
Canaries contain a great number of plants belonging to the 
African coast. But each of these islands possesses a flora that 
exists nowhere else ; and St. Helena, standing alone in the midst 
of the Atlantic Ocean, produces only two or three species of 
plants recognised as belonging to any other part of the world. 

It appears from the investigations of M. de Humboldt that 
between the tropics the plants, such as grasses and palms, which^ 
have only one seed-lobe, are to the tribe wliich have two seed* 
lobes, like most of the European species, in the proportion of one 
to four ; in the temperate zones they are as one to six ; and in 
the Arctic regions, where mosses and lichens, which form the 
lowest order of the vegetable creation, abound, the proportion is 
as one to two. Annuals with one and two seed-lobes, in the 
temperate zones, amount to one-sixth of. the whole, omitting the 
cryptogamia (N. 218); in the torrid zone they scarcely jfonn 
one-twentieth, and in Lapland one- thirtieth part. In approaching 
the equator the ligneoths exceed the number of herbaceous plants ; 
in America there are 120 difierent species of forest trees, whereas 
in the same latitudes in Europe only 34 are to be found. 

Similar laws regulate the distribution of marine plants. Groups 
of algsB, or marine plants, affect particular temperatures or zones 
of latitude and different depths, though some few g^era prevail 
throughout the ocean. The polar Atlantic basin to the 40th * 
.degree of north latitude presents a well-defined vegetation. The 
West India seas, including the Gulf of Mexico, the eastern coast 
of South America, the Indian Ocean and its gulfs, the shores 
New Holland, and the neighbouring islands, have each, their dis- 
tinct species. The Mediterranean Assesses a vegetotioh 
to itself, extending to the Black Sea; and the.speqtes .Qf marine 
plants on the coast of Syria and in the^rt of Alexandria differ 
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almost entirely from those of Suez and the Bed Sea. It is ob- 
served that shallow seas have a different set of plants from such 
as ai*e deeper and colder ; and, unlike terrestrial vegetation, the 
algas are more numerous in the mean latitudes than either 
towards the equator or the poles. They vary also with the 
depth : completely different kigds affect different depths,’ their 
s^s being of such specific gravity as to remain and germinate 
where the parent plajit gi-ew. The quantity of algas in that 
accumulation known as the sargasaa or grassy sea is* so great, 
that the early navigators, Columbus and Lerius, compared it 
to extensively inundated meadows : it impeded their ships, and 
alarmed their sailors. It is in the North Atlantic, a little to the 
west of the meridian of Fayal, one of the Azores, between the 
25th and 36th parallels of latitude. A smaller bank lies between 
the 22nd and 26th degrees of north latitude, about 80 leagues 
west of the meridian of the Bahama Islands. These masses 
chiefly consist of one or two species of sargassa, the most ex- 
tensive genus of the order Fucoideaer 

Some of the seaweeds grow to -enormous lengths, and all are 
highly coloured, though many of them must grow in deep water. 
Light, hdwever, may not be the only principle on which the 
colour of vegetables depends, since Baron Huml)oldt met with 
green plants gi*owing in complete darkness in one of- the mines 
at Freyberg. 

In the dark and tranquil caves of tlie ocean, on the shores 
alternately covered and deserted by the restless waves, on the 
lofty mountain and extended plain, in the chilly regions of the 
north, and in the genial warmth of the south, sj)ecific divonsity is 
a general law of the vegetable kingdom, which cannot be ac- 
counted for by diversity of climate ; and yet the similarity, 
though not identity, of species is such, under the same isothermal 
lines, that if the number of species belonging to one of the great 
families of plants be known in any part of the globe, the whole 
number of the flowering or more perfect plants, and also the 
number of species composing the other vegetable families, may 
be estimated with considerable accuracy. 

Various opinions have been formed on the original or primi- 
tive distribution of plants over the face of the globe ; but, since 
botanical geography .has become a science, the phenomena oIh 
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served have led to the conclusion that vegetable creation must 
have taken place in a number of distinctly Afferent centres, as 
the islands and continents rose above the ocean, each of 'which 
was the original seat of a certain number of peculiar species 
which at first grew there and nowhere else. Heaths are exclu* 
sively confined to the Old WorM ; and no indigenous rose-tree 
has ever been seen iji the New, thp whole southern hemisphere 
being destitute of that beautiful and fragrant plant. But this is 
stjll more confirmed by multitudes of particular plants, having 
an entirely local and insulated existence, growing spontaneously 
in some particular spot, and in no other place : for example, the 
cedar of Lebanon, which grows indigenously on that mountain, 
and in no other part of the world. On the other hand, as there 
can be no doubt that many races of plants have been ex ^7 
guished. Sir John Herschel thinks it possible that these 8olJi^|)^' 
instances may be the last surviving remnants of the same group 
universally disseminated, but in course, of extinction, of that 
perhaps two processes may be going on at the same ’time : — 

Rome groups may be spreading from their foci, others retreat- 
ing to their last holds.” 

The same laws obtain in the distribution of the anfmal crea- 
tion. Even the microscopic existences, which seem to be the 
most widely spread, have their specific localities; and the 
zoophyte (N. 219), occupying the next lowest place in animated 
nature, is widely scattered through the seas of the torrid zone, 
each species being confined to the district and depth best suited 
to its wants. Mollusks, or the animals of shells, decrease in 
size and beauty with their distance from the equator ; and not 
only each sea and every basin of the ocean, but each depth, is 
inhabited by its peculiar tribe of fish. Indeed, MM. Peron and 
Le Sueur assert that, among the many thousands of marine 
animals which they had cxamin(*d, there is not a single animal 
of the southern regions which is not distinguishable by essential 
characters fium the analogous species in the northern seas. 

Reptiles are not exempt from the general law. The saurian 
(N. 220) tribes of the four quarters of the globe differ in 
species; and, although warm countries qbound in venomous 
snakes, they are specifically different in different localities, and 
decrease both in numbers and in the virulence of their poison 
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with decrease of teraperatiye, ITie disi)erbion of insects neces- 
sarily follows that of the vegetables which supply their food ; 
and in general it is ^observed that each kind of plant is peopled 
by its peculiar inhabitants. Each species of bird has its peculiar 
haunt, notwithstanding the locomotive powers of the winged 
tribes. The emu is confined, to Australia, the condor to the 
Andes and their declivities, and the bearded vulture or leinmer- 
geyer to the Alps. Some biids, like the common sparrow, ha\e 
a wide range ; but those met with in every country are few 
in number. Quadrupeds are distributed in the same manner 
wherever man has not interfered. Such as arc indigenous in one 
country- are not the same with their congeners in another ; and, 
with the exception of some kind of bats, no mamniiferous animal 
is indigenous in the Polynesian Archipelago, nor in any of the 
islands on the borders of the central part of tlie Pacific. 

In reviewing the infinite variety of organised beings that 
people the surface of the globe, nothing is more remarkable than 
the distinctions which characterise the dificrent tribes of man- 
kind, from the ebony skin of the torrid zone to the fair and 
ruddy complexion of the Scandinavian — a difference which 
existed in the earliest recorded times, since the African is repre- 
sented in the sacred writings to have been as black as he is a^t 
the present day, and the 'most ancient Egyptian paintings con- 
firm that truth ; yet it appears, from a comparison of the prin- 
cipal circumstances relating to the animal economy or jdiysical 
character of the various tribes of mankind, that the difl’erent 
races are identical in species. Many attempts have been made 
to trace tbo various tribes back to a common origin, by collating 
the numerous languages which are or have been spoken. Some 
classes of these have few or no words in common, yet exhibit a 
remarkable analogy in the laws of their grammatical construc- 
tion. The languages sixjken by the native American nations 
afford examples of these ; indeed, the refinement in the giam- 
matical construction of the tongues of .the American savages 
leads to the belief that they must originally have been spoken 
by a much more civilised class of mankind. Some tongues have 
little or no refemMance in structure, though they correspond 
extensively in their vocabularies, as the Syrian dialects. In all 
these cases it may be inferred that the nations speaking the Ian- 
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guages in question descended from the sftoie stock ; but the pro- 
bability of a common origin is much greater in the Indo-European 
nations, whose languages, such as the Sanscrit, Greek, Latin, 
German, &c,, have an affinity both in structure and correspond- 
ence of vocables. In many tongues not the smallest resemblance 
can be traced ; length of time, however, may have obliterated 
original identity ; but so many ages have passed before the sub- 
ject became a study, and so many languages have worn out of 
use, that it may be doubted whether any satisfactory^ result 
will ever be arrived at with regard to the original speech qJ 
mankind. 
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SECTION XXVII. 

Terrestrial Heat — Hadiation — Transmission — Molloni’s experimente^Heat 
, in Solar Spectnim — Polarization of Heat — Nature of Heat -- Absorp- 
i ■ > tions — Dew — Bain — Combustion — Expansion Com]jensation Pen- 

dulum — Transmission through Crystals — Propagation Dynamic 
Theory of Heat — Mechanical equivalent of Heat — Latent Heat is the 
Force of Expansion — Steam — Work pci-foimed by Heat — Conserva» 
tion of Force — Mechanical Power in the Tides — Dynamical Power of 
Light — Analogy between Light, Heat, and Sound. 

That heat producing rays exist independently of those of light 
is a matter of constant experience in the abundant emission of 
them from boiling water. They dart in divergent straight lines 
from flame and from each point in the surfaces of hot bodies, in 
the same manner as diverging rays of* light proceed from every 
point of those that are luminous. According to the experiments 
of Sir John Leslie, radiation proceeds not only from the surface 
of substances, but also from the particles at a minute depth 
below it. He found that the emission is most abundant in a 
direction perpendicular to the radiating surface, and that it is 
more rapid from a rough than from a polished surface : radiation, 
however, can only take place in air and in vacuo ; it is altogether 
imperceptible when the hot body is enclosed in a solid or liquid. 
Heated substances, when exposed to the open air, continue to 
radiate heat till they become nearly of the temperature of the 
surrounding medium. The radiation is very rapid at first, hut 
diminishes according to a known law with the temperature of the 
heated body. It appears, also, that the radiating power of a sur- 
face is inversely as its reflecting power ; and bodies that are most 
impermeable to heat radiate least. Substances, however, have 
an elective powet, only reflecting heat of a certain refrangihility. 
Mr. Grove gives paper, snow, and lime as instances, which, 
although all white, radiate hekt of different refrangibilities, while 
metals, whatever their colour may be, radiate all kinds alike. 

Rays of heat; whether they proceed from the sun, from flame, 
or other terrestrial sources, luminous or non-luminous, are in-* 
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stantaneouBly transmitted through ^lid and liquid sul^tahties, 
there being no appreciable difference in the time they take to 
pass through layei'a of any nature or 'thickness whatever. They 
pass also with the same facility whether the media be agitate^: or 
at rest ; *and in these respects the analogy between light and heat 
is perfect. Jladiant heat passes through the gases with the same 
facility as light; but a remarkable difference obtains in the 
transmission of light and heat through most solid and liquid dub- 
stances, the same body being often perfectly permeable to : 
luminous, and altogether impermeable to the calorific rays. 
For example, thin and perfectly transparent plates of alum and 
feitric acid sensibly transmit all the rays of light from an argand 
lamp, but stop eight or nine tenths of the concomitant heat ; 
whilst a large jnece of brown rock-crystal gives* a free passage tq 
the radiant heat, but intercepts almost all the light. Aluin^ 
united to green glass is also capable of transmitting the brightest 
light, but it gives not the slightest indication of heat ; while rock- 
salt covered thickly over with soot, so as to be perfectly opaque 
to light, transmits a considerable quantity of heat. M. Mellon! 
has established the general law in uncrystallized substances such 
as glass and liquids, that the property of instantaneously trans- 
mitting heat is in proportion to their refractive powers. The 
law, however, is entirely ah fault in bodies of a crystalline t&c- 
tiire. Carbonate of lead, for instance, which is colourless, and 
possesses a very high refractive jwwer with regard to light, 
transmits less radiant heat than Iceland spar or rock-crystal, 
which are very inferior to it in the order of refrangibility ; 
whilst rock-salt, Avhich has the same transparency and refractive 
power with alum and citric acid, transmits six or eight times as 
much heat. This remarkable difference in the transmissive power 
of substances having the same appearance is attributed by ,M. 
Melloni to their crystalline form, aiid^iiot to the chemical com- 
position of their molecules, as the follbl^g experiments prove# 
A Mock of common salt cut into plates entirely excludes calorific 
radiation ; yet, when dissolved in water, it. increases the transmis- 
sive power of that liquid : moreover, the transmissive i)ow6r of 
water is increased in nearly the ^me degree; whether salt or 
alum be diwlved in it ; yet these two substances transmit vi^y 
different quantities of beat in their solid state. Notwithstan^g 
'the fnfluenco of crystallization on the transmissive po^ 
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bodies, uo relation has been traced between that power and the 
crystalline form. 

Thb transmission of radiant heat is ^al<]goiis to that of light 
through coloured media. When common white light passes 
through a red liquid, almost all the more refiangible rays, and a 
few of the red, aie intercepted by the first l»ayer of the fluid , fewer 
aie intercepted by the second, s^ill less by the third, and so on : 
till at last the losses become very small and invanable, and those « 
rays alone are transmitted which give the red coloui to the liquid. 
In a similar mannei, when plates of the same thickness of any 
substance, such as glass, arc exposed to an aigand lamp, a con- 
siderable poition of the ladiaqt heat is ai tested by the fust pltfte, 
a less portion by the second, still losb by the tlmd, and so on, the 
quantity of lost heat deci easing till at last the loss becomes a 
constant quantity. The transmi^^sion of ladiant heat through a 
solid mass follows the same law. Ihe lossc«« are \eiy consider- 
able on first entering it, but they rapidly dimmish in piojortion 
as the heat peneiiates deeper, and become eonstant at a certain 
depth. Indeed, the only difierence between the tiansmission of 
radiant heat through a solid mass, or thiongh the same mass 
when cut into plates of equal IhickiiebS, anses fiom the small 
quantity of heat that is reflected at the surface of the plates. 
It IS evident, theiefore, tliat the heat giadiially lost is not In- 
tel cepted at the buiface, but absoibed in the mteiior of the sub- 
stance, and that heat which has passed thiough one stiatum of 
air expel icnces a less absorption iii each of the succeeding sliata, 
and may therefore be piopagatcd to a gi eater distance befoie it 
18 extinguished The exj eiimentb ol M dc Laioche show that 
glass, however thin, totally intcicepts the obscum rays of beat 
whtn they flow fiom a body whose tcmpei \tuic h lower than 
that of boiling water , that, as the tempcratuio increases, the 
calorific rays are transmitted more and more abundantly , and, 
whSn the body becomes highly lummons, that they penetrate the 
glass with perfect ease, ^ihe extreme biilliait^^y of ihe sun is 
probably the reason why his heat, when bought to a focus by a 
lens, IS more intense J^n any that has been pioduced artifi- 
cially. It IS owing to iHsame cause that glass screens, which 
entirely exclude the heat^'^ft common fiie, are permeable by the 
sedar heat. 

The results obtamed by M. de Laioche have been confirmed 
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by the experiments of M. l^elloni on heat radiated from sources 
ordifferent temperatures/ whence it appears that the calofi$c 
rays pass Jess ahi^da^Jbly not only thmugh glass, but through' 
rock-crystal, Iceland spar, and other diaphanous bodies* both 
solid and liquid, according as the temperature of tlioir ori^h 
is diminished, and that they are altogether intercepted when th!e 
temperature is abojit that of boiling water.. 

In fact, he has proved that the heat emanatii^ Trpin the sun 
or from a bright flame consists of i*ays which differ from ea6h 
other as much as the coloured rays do which constitute white 
light. This explains the reason of the loss of heat as it pene- 
ti^tes deeper and deeper into a solid mass, or in passing through 
a series of plates; for, of the different kinds of rays which 
dart from a vivid flame, all are successively extinguished by 
the absorbing nature of the substance through which they pass, 
till those homogeneous rays alone remain which have the greatest 
facility in passing through that particular substance ; exactly 
as in a red liquid the violet, blue, green, orange, and yellow 
rays are extinguished, and the red are transmitted. 

M. Melloni employed four sources of heat, two of which were 
luminous and two obscure ; namely, an oil-lamp without a glass, 
incandescent platina, copper heated to 696®, and a copper vessel 
filled with water at the tempferatui-e of 178i® of Fahrenheit. 
Rock-salt transmitted heat in the proportion of 92. rays out of 
100 from each of these sources ; but all other substances pervious 
to radiant heat, whether solid or liquid, transmitted more heat 
from sources of high tempei-ature than from such as are low . 
For instance, limpid and colourless fluatc of lime transmitted in 
the proportion of 78 rays out of lOO from the lamp, 69 from the 
platina, 42 from the copper, and 33 from the hot water ; while 
transparent rock-crystal transmitted 38 rays in 100 from the 
lamp, 28 from the platina, 6 from the copper, and 9 from the 
hot water. Pure ice transmitted only in tlie proportion of 6 rays 
in the 100 from^the lamp, and entirely excluded those from the 
other three sources. Out of 39 different substances, 34 were 
pervious to the caloriflc rays from hot water, 14 excluded those 
from the hot copper, and 4* did not transmit those from the 
platinum. 

Thus it appears that heat proceeding from these four .sources 
is of different kinds : this difference in the nature of thej^orifle 
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rays is alisp proved by another experiment, which wiill be room 
easily understood from the analogy of light. Red light, emana^ 
ing fiwm red' glass, will pass in abundance through ahbih0r^plece 
of red glasis, but it will be absorbed by green glass j grC'eh rays will 
more readily pass through a green lUedium than *thr<rtigh one of 
any other colour. This holds with regard to all colours ; so in 
heat. Hays of heat of the same intensity, which have passed 
through different substances, are transmitted in different quan- 
tities by the same piece of alum, and are sometimes stopped 
altogether showing that rays which emanate from different sub- 
stiatioes possess different qualities. It appears that a bright flame 
furnishes rays of heat of all kinds, in the same manner asMt 
gives light of all colours ; and, as coloured media transmit some 
coloured rays and absorb the rest, so bodies transmit some rays of 
heat and exclude the others. Rock-salt alone resembles colour- 
less transpstent media in transmitting all kinds of heat, even 
that of the hand, just as they transmit white light, consisting of 
rays of all colours. Radiant heat is unequally refracted by a 
prism of rock-salt like light, and the rays of heat thus .dispersed 
. al^^und to possess properties analogous to the rays of the* 

TTie property of transmitting liic calorific rays diminishes to a 
certain degree with the thickness of’ the body tliey have to 
traverse, but hot so much as might be expected. A piece of 
very transparent alum transmitted three or four times less 
radiant heat from the flame of a lamp than a i>iece of nearly 
opaque qiiartz about a hundred times as thick. However, the 
influence of thickness upon the phenomena of transmission in- 
creases with the decrease of temperature in the origin of the rays, 
and becomes very great when that temperature is low. This is ^ 
a circumstance iiftimately connected with the law established by 
M. de Laroche ; for M. Melloni observed that the difference 
between the quantities of heat transmitted b;|^>the same plate of 
glass, exposed successively to several sources of heat, diminished 
vriih the thinness^ of the plate, and vanished altogether at a 
certait limit ; and that a flltn of mica transmitted the* same 
quantity 6f heat, liehether it was exposed to incandescent pla- 
’ iinum or to a mass of iron heated to 360®. 

rays of light of certain degrees of 
refMh^ffityi and absorb those of other degrees. For example, 
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glass absorlw the more refrangible rays, and transmits the 
which are fha least refrangiWe. On the contrary, violet 
glass absorbs tfie least refrangible, and transmits the violet, 
which are the jnost refran^ble. Now M. Melloni has found, 
that, althou^ the colouring matter of glass diminishes its power 
of transmitting heat, yet red, orange, yellow, blue, violet, and 
white glass transmit calorific rays of all degrees of refrangibfiity ; 
whereas green glass possesses the peculiar property of transmit- 
ting the least refrangible calorific rays, and stopping those that 
are most refrangible. It has therefore the same elective action 
for beat that coloured glass has for light, and its action on heat 
is analogous to that of red glass on light. Alum and sulphate of 
lime are exactly opposed to green glass in their action on heat, 
by transmitting the most refrangible rays with the greatest 
facility. 

The heat which has already passed through green or opaque 
black glass will not pass through alum, whilst that which has 
been tAnsmitted through glasses of other colours traverses it 
readily. 

By reversing the experiment, and exposing different substances 
to heat that had already passed through alum, M. Melloni /SjfSod 
thatdihe heat emerging from alum is almost totally interc e]^ed 
by opaque substances, and is abundantly transmitted by ^Injh 
as are transparent and colourless, and that it suffers no a|p^iaole 
loss when the thickness of the plate is varied withfh certain ' 
fimits. The properties of the heat therefore which is|fues from 
alum nearly approach to those of light and solar heat. 

Badiant heat in traversing various media is not only rendered 
more or less capable of being transmitted a second time, hut, 

^ according to the experiments of Professor Powell, it becomes 
more or less susceptible of being absorbed in dififetent quantities 
by black or white surfaces. 

U. Melloni has proved that solar heat contains rays which arc 
affiseted by different substances in the same way as if the heat 
proceeded froift a terrestrial source ; whence he concludes that 
thsr diffsrence observed between the transmisSlcn of 'terrestrial 
and solar he&t arises from the circumstance of solar heat con- 
tainijog all kinds of heat, whilst in other sources some of the 
kinds aire wanting. 

Radiant heat, from sources of any temperature whatever, is 
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subject to the same laws of reflectiou and refraction 09 rays of 
light The index of refraction from a prism of rock^-salt, deter*; 
mined experimental!/, is nearly the same for light and^heat. 

Liquids, the various kinds of glass, and probably all sub- 
stances, whether solid or liquid, that do not crystallize regularly, 
arc mote pervioils to the calorific rays according as they possess 
a greater refractive power. For example, the chloride of sulphur, 
whjch has a high refractive power, transmits more of the calorific 
rays than the oils, which have a less refractive power: oils 
tfansmit more radiant heat than the acids ; the acids more than 
aqueous solutions ; and the latter moie lhan pure water, whidir 
of all the aeries has the least refractive ]'ower, and is the least 
pervious to heat. M. Melloni observed also that each ray of the 
solar spectrum follows the same law of action with that of ter- 
restrial rays having their origin in sources of different tempera-^ 
tures ; so that the very refrangible rays may be compared to the 
heat emanating from a focus of high temperature, and the least 
refrangible to the heat which comes from a source of low tempe- 
rature. Thus, if the calorific rays emerging from a prism be 
made to pass through a layer of viater contained between two 
plates of glass, it will be found that these rays suffer a loss in 
passing through the liquid as much greater as their refrangibiUty 
is loss. The rays of heat that are mixed with the blue or violet 
light pass in great abundance, while those in the obscure part 
which follows the red light are almost totally intercepted. The 
first, therefore, act like the heat of a lamp, and the last like that 
of boiling water. ♦ 

These circumstances explain the phenomena observed by 
several philosophers with regard to the point of greatest heat in 
the solar spectrum, which varies with the substance of the prism. 
Sir William Herscbel, who employed a prism of flint glass, found 
that point to he a little beyond the red extremity of the spec- 
trum ; but, according to M. Seebeck, it is found to be upon the 
yellow, upon the orange, on the led, or at the dark limit of 
the red, according as the prism consists of water, sulphuric acid, 
crown or flint glass. If it he recollected that, in the spectrum 
from crown glass, the maximum heat is in the red part, and that 
the solar rays, in traversing a mass of witer, suffer losses 
inversely as their lefrangibility, it will be easy to understand tbe 
reason of the phenomenon in question. The solar heat wbith 
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oom^ .to the anterior face of the prism of water consists of rajs 
of all degrees of refrangilnlitj. ^ow^ the rays possessing the 
swe index of refraction with the red ligHt snffef a greater loss 
in passing through the prism than the rays possessing the 
refrangibility of the orange ;light, and the latter lose less in their 
passage than the heat of the yellow. Thus the losses, being 
inversely proportional to the degree of refrangibility of each ray, 
cause the point of maximum heat to tend from the red towards 
the violet, and therefore it rests upon the yellow part. The 
prism of sulphuric acid, acting similarly, but with less energy 
than that of water^ throws the point of greatest heat on the 
orange ; for the same reason, the crown and flint glass prisms 
transfer that point respectively to the red and to its limit. M. 
Melloni, observing that the maximum, point of heat is transferred 
farther and fartbor towards the red end of the spectrum, accord- 
ing as the substance of the prism is more and more permeable to 
heat, inibired that a prism of rock-salt, which possesses a greater 
power of transmitting the calorific rays than any known body^ 
ought to throw the ]X)int of greatest heat to a considerable dis- 
tance beyond the visible part of the spectrum, — an anticipation 
which experiment fully confirmed, by placing it as much beyond 
thetdark limits of the red rays as the red ptfrt is distant from the^ 
blueish green band of the spectrum. 

In all these experiments M. Mellon! employed a therraomulti- 
plier, — ^an instrument that measures the intensity of the trans- 
mitted heat witl; an accuracy far beyond what any thermometer 
ever attained. It is a very elegant appliefttion of M. Seeheck’s 
discovery of thermo-electricity; hut the description of this 
instalment is reserved for a future occasion, because the principle 
on which it is constructed has not yet been explained. 

In the beginning of the present century, not long after M. 
Malus had discovered the polarization of light, he and M. Berard 
proved that the heat which accompanies the siin^s light is capable 
of being polarized; but their attempts totally failed vdth heat 
derived from terrestrial, and especially from nohi-luminbfis 
Bourses M. Berard, indeed, imagined that he had ^ 

but, when his ex^jeriments wire repeated % Mn HoySl ind^ 
Professor 'Powell, no satisfactory result could he 
Mellon! resumed the subject, and endeavoured ^ 
polarization of heat by tourmaline, as in ^e case of lfgh1^% was 
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already shown that two slices of tourmaliuef cut parallel to the 
axis of the oiystal^ transmit a great portion of the incidont light 
when looked through with their axes parallel, and almost 
entirely exclude it when they are perpendicular to one another. 
Should radiant heat be capable of polarization, the quantity 
transmitted by the slices of tourmaline in their former position 
ought greatly to exceed that which passes through, them in the 
latter, yet M. Mellon! found that the quantity of hea4; was the 
same in both cases : wlience he inferred that heat from a terres- 
trial source is incapable of being polarized. Professor Forbes of 
Edinburgh, who prosecuted this subject with great acuteness 
and success, came to the same conclusion in the first instance ; 
but it occurred to him, that, as the pieces of tourmalins became 
heated by being very near the lamp, the secondary radiation 
from them rendered the very small difference in the heat that 
was transmitted in the twe positions of the pieces of tourmaline 
imperceptible. Nevertheless he succeeded in proving, by nume- 
rous observations, that heat from various sources is polarized by 
the tourmaliue ; but that the edect with non-luminous heat is 
very minute and difficult to perceive, on account of the secondary 
radiation. Though light is almost entirely excluded in one posi- 
^ tion of the pieces of tourmaline, and transmitted in the other, 
a vast quantity of radiant heat passes through them in all posi- 
tions. Eighty-four per cent, of the heat from an argand lamp 
passed through them in the case where light was altogether 
stopped. It is only the difference in the quantity of transmitted 
heat that gives evidence of its polarization. The second slice of 
tourmaline, when pcrjiendicular to the first, stops all the light, 
but transmits a great proportion of heat; alum, on the contrary, 
stops almost all the heat, and transmits the light ; whence it 
may be concluded that heat, though intimately partaking the 
nature of light, and accompanying it under certain circumstances^ 
as in reflection and refraction, is capable of almost complete 
separation from it under others. The separation has since been 
perfectly effected by M. Melloni, by passing a beam of light 
through tt combination of water and green glass, coloured by the 
oxide of copper. Even when the transmitted light was concen- 
trated by lenses, so as to render it almost as brilliant as the 
diiect light of the sun, it show^ no sensible heat. 

Professor Forbes next employed two bundles of laminss of 
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mica, placed at the polarizing angle, and so cut that the plane 
of incidence of the heat conesponded wiiji one of the optic a:zes 
of this mineral. The heat transmitted through this apparatus 
was polarized from a source whose temperature was even as low 
as 200^; heat was also polarized by reflection; but the tXr 
periments, though perfectly successful, are more difficult to 
conduct. . 

It appears, from the various experiments of M. Mellon! and 
Professor Forbes, that all the calorific rays emanating from the 
sun and terrestrial sources are equally capable of being polarized 
by reflection and by refraction, whether double or single, and 
that they are also capable of circular polarization by all the 
methods employed in the circular polarization of light. Plates 
of'quartz cut at right angles to the axis of the prism pon^ss the 
property of turning the calorific rays in one direction, while other 
plates of the same substance from a diflcrently modified prism 
cause the rays to rotate in the contrary flirecticn ; and two plates 
combined, when of different afibetion, and of equal thickness, 
counteract each other’s effects in the case of light. Tourma* 
line separates the heat into two parts, one of which it absorbs, 
while it transmits the other ; in short, the transmission of radiant 
heat is precisely similar to that of light. 

Since heat is polarized in the same manner as light, it may be 
expected that polarized heat transmitted through doubly refract- 
ing substances should bo separated into two pencils, polarized in 
planes at right angles to each other ; and that when received on 
an analyzing plate they should interfere and produce invisible 
phenomena, perfectly analogous to •those described in Section 
XXII. with regard to light (N. 221). 

It was shown, in the same section, that if light polarized by 
reflection from a pane of glass be viewed through a plate of tour- 
maline, with its longitudinal section vertical, an oh^re cloud, 
with its centre wholly dark, is seen on the glass. When, how- 
ever, a plate of mica uniformly about the thirteenth of an inch 
in thickness is interposed between the tourmaline and the f^s, 
the dark spot vanishes, and a succession of very splendH colours 
are seen ; and, as the mica is turned round in a plane perpendi- 
cular to the polarized ray, the light is stopped when the plane 
containing the optic axis of the mica is parallel or^rpendicular 
to the plane of polarization* Now, instead of light, if heat ftmn 
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a non-luminbas source be polarized in the manneiNlescribedf it 
ought to be transmitted 'and stopped by the interpde^ mica 
under the same circnmttanoes under which polarized light^ould 
be transmitted or stopped. Professor Forbes found that this is 
really the case, whether he employed heat from luminous or noh't ^ 
luminous sources : and he had evidence, also, of circular and 
elliptical polarization of heat. It therefore follows, that if beat 
were visible, under similar circumstances we should see figures 
perfectly similar to those given in Note 213, and those following; 
and, as these figures are formed by the interference of undulations 
of light, it may be inferred that heat, like light, is propagated 
by undulations of the ethereal medium, which interfere under 
cil&in conditions, and produce figures analogous to those of 
light. It appears also, from Mr. Forbesfs experiments, that the 
undulations of heat are longer than the undulations of light ; and 
it has already been mentioned that Professor Draper considers 
them to be normal, like those of sound. 

That light and heat are both vibrations of the ethereal medium 
is not the less true on account of the rays of heat being unseen, 
for the condition of visibility or invisibility may only depend 
upon the construction of our eyes, and not upon the nature of 
the motion which produces these sensations in us. The sense of 
seeing may be confined within certain limits. The chemical 
rays beyond the violet end of the ai)eetrum may be too rapid, or 
not sufficiently excursive, in their vibrations, to be visible to the 
human eye ; and the calorific rays beyond tlic other end of the 
spectrum may not be sufficiently rapid, or too extensive, in their 
undulations, to affect our optic nerves, though both may be 
visible to certain animals or insects. We are altogether ignorant 
of the perceptions which direct the carrier-pigeon to his home, 
or of those in the antennas of insects which warn them of the 
approach of danger ; nor can wo understand the telescopic vision 
which directs the vulture to his prey before he himsdlf is visible 
even as a speck in the heavens. So, likewise, beings may 
exist on earth, in the air, or in the waters, which hear souneb 
our ears are incapable of hearing, and which see rays of light 
and heat of which we are unconscious. Our perceptions ai^ 
faculties are limited to a very small portion of that immento 
phain of existSnee which extend from the Creator to evanescence, 
v^e identic action under similar circumstanoes is one 
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the strongest arguments la favour of the common nature of the 
chemical, visible, and calorific rays. They are all capable of 
reflection from polished surfaces, of refraction through diajfljanous 
substances, of polarization by reflection and by doubly refracting 
crystals ; their velocity is prodigious ; they may be concentrated 
and dispersed by convex and concave mirrors ; they pass with 
equal facility through rock-salt and arc capable of radiation j; and 
they are subject to the same law of interference with'^pl^ of 
light : hence there can be no doubt that the whole asseny|||^';pf 
rays visible and invisible which constitute a solar beam q 
pagated by the undulations of the ethereal medium, and 
quently as motions they come under the same laws of analysis,. 

When radiant heat falls wiyon a surface, part of it is rell^ 
and part of it is absorbed; consequently, the best refleefi 
possess the least absorbing powers. The temperature of very 
transparent fluids is pot raised by the passage of the sun’s rays, 
because they do not absorb any of them ; and, as his heat is very 
intense, transparent solids arrest a very small portion of it. The 
absorption of the sun’s rays is the cause both of the colour and 
temperature of solid bodies. A black substance absorbs all the 
rays of light, and reflects none ; and since it absorbs, at the same 
time, all the calorific rays, it becomes sooner warm, and rises to 
a higher temperature, than bodies of any other colour. Blue 
bodies come next to black in their power of absorption. And, 
since substances of a blue tint absorb all the other colours of the 
spectrum, they absorb by far the greatest part of the calorific 
rays, and reflect the blue whore they are least abundant. Next 
in order come the green, yellojw, red, and, last of all, white bodies, 
which reflect nearly all the rciiys both of light and heat. How- 
ever, there are certain limAid and colourless media, which in 
some cases intercept calorifi/ radiations and become heated, while 
in other cases they transit them and undergo no change of 
temperature. 

All substances may considered to radiate heat, whatever 
their temperature may nbe, though with different intensities, 
according to their natule, the state of their ^rfaces, ahd the 
temperature of the iheaium into which they are' brought. But 
every surface absorbs as ivell as radiates heat ; arid the pow^ of 
absorption is always eqflial to that of radiation; &r, under the 
same circumstances, m^ter which becoiUes soon warm also cools 
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rapidly. There is a constant tendency to an equal diffusion of 
heat, since every body in nature is giving and receiving it at the 
same instant ; each will be of uniform temperature when the 
quantities of heat given and received during the same time are 
equal — that is, when a perfect compensation takes place between 
each and all the rest. Our sensations only measure comparative 
degrees of heat : when a body, such as ice, appears to be cold, it 
imparts fewer calorific rays than it receives ; and when a sub- 
stance seems to be warm — for example, a fire — ^it gives more 
heat than it takes. The phenomena of dew and hoar-frost are 
owing to this ineipiality of exchange ; the heat radiated during 
the night by substances on the surface of the earth, into a clear 
expanse of sky, is lost to us, and no return is made from the blue 
vault, so that their temperature sinks below that of the air, 
whence they abstract a part of that heat which holds the atmos- 
pheric humidity in solution, and a deposition of dew takes ydace. 
If the radiation be great, the dew is frozen and becomes hoar- 
frost, which is the ice of dew. Cloudy weather is unfavourable 
to the formation of dew, by preventing the free radiation of heat ; 
and^actual contact is requisite for its dci)Osition, since it is never 
sus^nded in the air like fog. Plants derive a great j)art of their 
nourishment from this source ; and, as each ix)ssesses a power of 
radiation peculiar to itself, they are capable of procuring a suffi- 
cient supply for their wants. The action of the chemical rays 
imparts to all substances more or less the power of condensing 
vapour on those parts on which they fall, and must therefore 
have a considerable influence on the deposition of dew. There 
may he a low degree of Immidity in the air which may yet 
contain a great quantity of aqueous vapour, for va^wur while it 
exists as gas is dry. The tcm|x?rature at which the atmosphere 
can contain no more vapour without precipitation is called the 
dew point, and is measured by tlie hygrometer. In foretelling 
the changes of weather it is scarcely inferior to the barometer. 

Steam is formed throughout the whole mass of a boiling 
liquid, whereas evai)oration takes place only at the free surface 
of liquids, and that under the ordinary temperature and pressure 
of the atmosphere. There is a constant evaporation from the 

land and water all over the earth. The rapidity of the formati^ 

does not depend altogether on the dryness of the air ; according 
to Dr. Dalton’s experimental it depends also on the difference 



270 RAIN-COMBTTSTION. ^Seot. XXVII. 

botween the tension of the vapour which is forming, and that 
which is already in the atmosphere. In calm weather vapour 
accumulates in the stratum of air immediately above the ovapo* 
rating surface, and retards the formation of more ; whereas a 
strong wind accelerates the process by carrying off the vapour as 
soon as it rises, and making way for a succeeding portion of dry 
air. 

Rain is formed by the mixing of two masses of air of different 
temperatures; the coM(»r part, by abstractinsc from the other 
the heat which holds it in solution, occasions the particles to 
approach each other and form drops of water, which, becoming 
too heavy to he sustained by the atmosphere, sink to the earth 
by gravitation in the form of rain. The contact of two strata 
of air of different temperatures, moving rapidly in opposite 
directions, occasion-s an abundant }»recipitation of rain. When 
the masses of air differ very much in temperature, and meet 
suddenly)*hail is formed. This happens frequently in hot plains 
near a ridge of mountains, as in the south of France, the 
sudden descent of an intensely cold current of wind *inw a mass 
of air nearly saturated with vaixiur. Such also is the caw ofi 
the severe hail-storms which occasionally take place on extJVW 
plains within the tropics. *i 

An accumulatiun of heat invariably ])roduces light : with the 
exception of the gases, all bodies which can endure the requisite 
degree of heat without dcconq)osition b(‘gin to emit light at the 
same temperature ; but, when the quantity of heat is so great 
as to render the affinity of their comiK)nent particles less than 
their affinity for the oxygon of the atmosphere, a chemical com* 
bination takes place with the oxygen, light and heat arc evolved, 
and fire is produced. C’omhustion — ^so essential for our comfort, 
and even existence — takes place very easily from the small 
affinity between the component parts of atmospheric air, the 
oxygen being nearly in a free state ; but, ns the cohesive force 
of the particles of different substances is very variable, different 
degrees of heat are requisite to produce their combustion. The 
tendency of heat to a state of equal diffusion or equilibrium, 
cither by radiation or contact, makes it necessary that the 
chemical combination which occasions combustion should take 
pla^ instantaneously; for, if the heat wore developed pro** 
gressively, it would be dissipated by degrees, and would never 
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accumulate suffioiontly to j^roduce a temperature high enough 
for the evolution of flame. 

It is a genml law that all bodies expand by heat and con- 
tract by cold. The expansive force of heat has a constant 
tendency to overcome the attraction of cohesion, and to separate 
the constituent particles of solids and fluids ; by this separation 
the attraction of aggregation is more and more weakened, till at 
last it is entirely overcome, or even changed into repulsion. By 
the continual addition of heat, solids may be made to pass into 
liquids, and from liquids to the aeriform state, the dilatation 
increasing with the tempei-ature ; and every substance expands 
according to a law of its own. Gases. expand more than liquids, 
and liquids more than solids. The expansion of air is more 
than eight times that of water, and the increase in the bulk of 
water is at least forty-five times greater than that of iron. 
Metals dilate uniformly from the freezing to the boiling xx>ints 
of the thermometer ; the uniform expansion of the gases extends 
between still wider limits ; but, as liquidity is a state of transi- 
tion from the solid to the aeriform condition, the equable dilata- 
tion of liquids has not so extensive a range. This change of 
bulk, corresponding to the variation of heat, is one of the most 
im^xirtant of its effects, since it furnishes the means of measuring 
relative temperature by the thennoraeter and pyrometer. The 
rate of exj^ansion of solids varies at their transition to liquidity, 
and that of liquidity is no longer equable near their change to 
an aeriform state. There are exceptions, however, to the general 
laws of expansion ; some liquids have a maximum density cor- 
responding to a certain temperature, and dilate whether that 
temperature be increased or diminished. For example — ^water 
cxi>aDds whether it be heated 'above or cooled IkjIow 40°. The 
solidification of some liquids, and especially their crystallization, 
is always accomimnied by an increase of bulk. Water dilates 
rapidly when pon verted into ice, and with a force sufficient to 
split the hardest substances. The formation of ice is thei^fore. 
a |X)werful agent in the disintegration and decomix>sition of - 
rocks, operating as one of the most efficient causes of local 
changes in the structure of the cnist of the earth ; of which we 
have experience in the tremendous (fftottZemens of mountains in 
Switzerland. But Professor W. Thomson has proved experi- 
mentally that it requires a lower temperature to freeze water 
under pressure than when free^ 
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The dilatAtion of substances by heat, and their contraction 
by cold, occasion sucli irregularities* in the rate of clocks and 
watches as would render them unfit for astronomical or nautical 
purposes, were it not for a very beautiful application of the 
laws of unequal expansion. The oscillations of a penduttt'4tl^: 
the same as if its whole mass were united in one dense particle, 
in a certain iK)int of its length, called the centre of oscillation. 
If the distance of this point from the point by which the 
pendnliun is sus['emled were invariable, the rate of the clock 
would be invariable also. The difiicnlty is to neutralize the 
effects of temixjraturc, which is pcriMJtually increasing or dimi- 
nishing its length. Among many contrivances, Graham’s cora- 
IXfnsation pendulum is the most simple. He employed a glass 
tube containing mercury. WIumi the tube expands from the 
effects of heat, the mercury exj)ands much more ; so that its 
surface rises a little move than the end of the pendulum is 
depressed, and the centre of oscillation remains stationary. 
Harrison invented a |>endnlum which consists of seven bars of 
steel and of brass, joined in the shape of a gridiron, in such a 
manner that, if by change of femjxjratnre the bars of brass raise 
the weight at the end of the pendulum, the bars of steel depress 
it as much. In general, only fiv«j bars are used ; three being of 
steel, and two a mixture of silver and zinc, I’he effects of 
temperature are neutralized in chronometers ujicn the same 
principle ; and to such j>erfection are they brou^t, that the 
loss or gain of one .second in twenty-four hours for two days 
running would render one unfit for use. Accuracy in surging 
depends upon the comi>en8iition rods employed in meJUnbg 
bases. Thus, the laws of the unequal expansion of matter Judi- 
ciously applied have an immwliate influence upon our estima- 
tion of time ; of the ' motions of bodies in tlie heavens, and of 
their fall upon the earth ; on our determination of the figure of 
the glolie, and on our system of w^cights an«l me^ures ; on our 
.comtherce abroad, and the mensuration of oiir lands at home. 

The expansion of the crystalline substances takes place under 
very different circumstances from the dilatation of such as are 
not crystallized. Tlie latter become both longer and thicker by 
an accession of heat, whereas M. Mitscherlich has found that the 
former expand differently in different directions ; and, in a par- 
ticular instance, extension in one direction is accompanied by 
contraction in another: for example, Iceland spar is dilated 
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itt the dire<Aion of its axis of double refraction (N. 205), but 
at right angles to that axis it is contracted, which bnugs 
the crystal nearer to the form of the cube and diminishes its 
double refractive power. When heat is applied to crystals of 
sulphate of lime, the two optical axes (N, 207) gradually approach, 
and at last coincide ; when the heat is increased, the axes open 
again, but in a direction at right angles to their former position. 
By experiment M. Senarmont has concluded, that in media con- 
stituted like crystals of the rhomboidal (N. 160) system the 
conducting power varies in such a manner, that, supposing a 
centre of heat to exist within them, and the medium to be inde- 
finitely extended in all directions, the isothermal surfaces are 
concentric ellipsoids of revolution round the axes of symmetry, 
or at least surfaces differing but little front them, llie internal 
structure of crystallized matter must l)e very peculiar thus to 
modify the expansive power of heat. 

Heat applied to the surface of a fluid is propagated downwards 
very slowly, the warmer, and consequently lighter strata, always 
remaining at the to]). I’his is the reason wh^^ the water at the 
bottom of lakes fed from Alpine chains is so cold ; for the heat 
of the sun is transfused but a little way below the surface. 
WJien the heat is apjdied below a liquid, the particles con- 
tinually rise as they become specificiilly lighter, and difluse the 
heat through the mass, their place lx*iiig i>eri)etually supplied by 
tliose that arc more dense. The power of conducting heat varies 
niateriaily in different liquids. Mercury conducts twice as fast 
as an equal bulk of water, and therefore it appears to* be very 
cold. A hot Ixxl/ diffuses its heat in the air by a double 
]>rocess : the air in contact with it becoming lighter ascends and 
scatters its heat by transmission, while at the same time 
another i)ortion is discharged in straight lines by the radiating 
IK)wer of the surface. Hence a substance cools more rapidly 
in air tlian in vacuo, because in the latter case the process is 
carried on by radiation alone. ■ It is probable that the earth 
having been originally of very high temperature has become 
cooler by radiation alone, the ethereal medium being too rare to 
carry off much heat by contact. 

Heat is propagated with more or less rapidity through all 
Ixxlies; air is the worst conductor, and consequently mitigates 
the severity of cold climates by preserving the heat imparted 
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to. the earth by the sun. On the contrary, aense bodies, 
especially metals, i)osses8 the power of conduction in the 
greatest degree, but the transmission requires time. If a bar of 
iron twenty inches long be heated at one extremity, the heat 
takes four minutes in passing to the other. The particle of 
the metal that is first heated communicates the heat td the 
second, and the second to the third : so that the temperature of 
the intermediate molecule at any instant is increased by the 
excess of the temperature of the first above its own, and 
diminished by the excess of its own temperature above that of 
the third. That however will not be the temperature indicated 
by the thermometer, because as soon as the i)article is more 
heated than the surrounding atmosphere it loses, its heat by 
radiation, in proportion to the excess of its actual temperature 
above that of the air. The velocity of the discharge is directly 
proportional to the temperature, and inversely as the length of 
the bar. As there are perpetual variations in the temperature 
of all terrestrial substances, and of the atmosphere, from the 
rotation of the earth, and its revolution round the sun, from 
combustion, friction, fermentation, electricity, and. an infinity 
of other causes, the tendency to restore the equability of 
temperature by the transmission of heat must maintain all the 
particles of matter in a state of ]Terpetiial oscillation, which 
will be more or less rapid according to the conducting powers of 
the substances. From the motion of the heavenly b^ies about 
their axes, and also round the sun, exposing them to perpetual 
changes of temt)erature, it may be infeiT^d that similar causes 
will produce like effects in them too. The revolutions of the 
double stars show that they are not at rest; and although we 
are totally ignorant of the changes that may be going on in the 
nebulae and millions of other remote bodies, it is hardly possible 
that they should be in absolute repose ; so that, as far as our 
knowledge extends, motion is a law of the universe and the 
immediate^ cause of heat, as in the sunbeam so also in all 
terrestrial phenomena. 

This is by no means hypothetical, but founded upon fact afid 
experiment. Heat is produced by motion and is equivalent to it, 
for we m^ure heat by motion in the thermometer. Tie heat 
evolved by'^rcussion is proportional to the force of the blow: 
by repeated blows iron becomes red hot; and the quantity of 
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heat product by friction, whether the matter be solid or fluid, 
is always in proportion to the force employed : in cold weather 
we rub our hands to make them warm, and the harder we rub 
the wf rmer they become. The warmth of the sea after a storm 
is in proportion to the force of the wind ; and in Sir Humphry 
Davy’s experiment of melting ice by friction in the receiver of 
an air-pump kept at the freezfhg point, the heat which melted 
the ice was exactly proportional to the force of friction. This 
experiment proves the immateriality of heat, since the capacity 
of ice for heat ip less than that of water. Thus mechanical 
action and heat are equivalent to one another. Mr. Joule of 
Manchester * has proved that the quantity of heat requisite to 
raise the temi)erature of a pound of water one degree of Fahren- 
heit’s thermometer, is equivalent to the mechanical force deve- 
loped by the fall of a body weighing 772*69 i)Ound8 through 
the perpendicular height of one foot. This .quantity is the 
mechanical equivalent of heat. Thus heat is motion, and it is 
measured by force. In fact, for every unit of force expended in 
friction or percussion, a definite quantity of heat is generated ; 
and conversely, when work is performed by the consumption of 
heat for eacli unit of force gained, a unit of heat (lisapi)ears. For 
since heat is a dynamical force of mechanical cfiect, there must 
be an equivalent between mechanical work and heat as between 
cause and effect. (N. 222.) 

Besides the temi^eraturo indicated by the thermometer, bodies 
absorb heat, and their capacity for Jicat is so various that 
very different quantities of heat are required to raise different 
substances to the same sensible temperature. It is evident, 
therefore, that much of tlie heat is absorbed and becomes 
insensible to the thermometer. That portion of heat requisite 
to raise a body to a given temperature is its specific heat, 
but the latent or absorbed heat is an expansive force or 
energy, which, acting upon’ the other surrounding the ultimate 
particles of* bodies, changes them from solid to liquid, ^d from 
liquid to vapour or gas. According to the law of pbsorption, 
the transfer of heat from a warm body to one that is cold is a 

* This theory of heat and motion originated with Mr, Joule, of Man- 
chester, who has maintained it with the irreatest talent, both by experiment 
and analysis ; and it has had an able advocate in Professor W. Thomson, of 
Glasgow. 
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mere transfer of force, in which the force of pompression is 
exactly proportional to the force of expansion. Ice remains at 
the temperature of 32® Fahrenheit till it has absorbed 140® of 
heat, and then it melts, bjut without raising the temperature of 
the water above 32®. On the contrary, when a liquid is con- 
verted into a solid, a quantity of heat leaves it without any 
diminution of temperature. Thifs water at 32® must part widi, 
140® of heat before it freezes. The slowness .with which water 
freezes or ice thaws, is a consequence of the time required for 
the ethereal atmospheres round the particles of the water to 
contract or expand with a force equivalent to 140® of heat. A 
considerable degree of cold is felt during a thaw, because, the 
ice in its. transition from a solid to a liquid state absorbs 
sensible heat from the atmosphere and surrounding objects. The 
heat absorbed and evolved by the rarefaction and condensation 
of air is exactly proportional to the force evolved and absorbed 
in these operations. Tn fact, the changes of temyierature pro- 
duced by these rarefactions and condensations of air show that 
the heat of elastic duids is the mechanical force possessed by 
them ; and since the temperature of a gas determines its elastic 
force, it follows tlmt the elastic force or pressure must^be the 
effect of the motion of the constituent particles in any gas. 
Sir Humphry Davy, who first demonstrated the immateriality of 
* heat, assumed tlic hypothesis that the motion we call heat is a 
rotation or vib|;ation among the particles of tlie fluid, which, ac- 
cording to Mr. Joule, agrees perfectly with the observed pheno- 
mena, hut he prefers the more simple view of Mr. Herapath, that 
the elastic force or pressure is due to the impact of the particles 
against any surface presented to them. Absorbed or latent heat 
may be regarded as a quiescent energy ready to be restored to the 
form of sensible heat when called forth : its vibrations as heat 
' are extinguished for the time by being transferred to the internal 
expansive force, and are restored by’ compression. The absorbed 
heat of air and all elastic fluids may be forced ouf by sadden 
compression like squeezing water out of a sponge. The quantity 
of beat brought into action in this way is well illustrated by the 
experiment of igniting tinder by the sudden compression of air 
by a piston thrust Into a cylinder closed at one end. The 
development of heat on a stupendous scale is exfafbited in 
lightning: it is proportional to the square of the quantity 
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of electricity fescharged, and is due to its excessive Velocity 
and the violent compression of the air in its transit through 
tjie atmosphere. Prodigious quantities of heat are constantly 
absorbed or disengaged by the changes to which substandfes are 
liable in passing from the solid to the liquid and from the 
liquid to the gaseous form and the contrary, causing endless 
vicissitudes of temperature over the globe, and endless ex- 
pansions and contractions, which are correlative terms for heat 
and cold, while radiation of heat is merely a transfer of motion 
from the particles on the surface of bodies to the adjacent 
particles of ttfe atmosphere. 

By the continual application of heat, that is of the expansive 
force, liquids are converted into steam or vapour, which is 
invisible and highly elastic. Under the mean pressure of the 
atmosphere, that is when the barometer stands at 30 inches, 
water in a hoiler absorbs heat continually till it attains the 
temperature of the boiling point, which is 212° Fahrenheit. 
After that it ceases to show any increase of sensible heat ; but 
when it has absorbed an additional 1000° of heat or expansive 
energy, that energy converts it into steam, and a condensing 
force equivalent to 1000° of heat reduces it again to water. 
Water boils at dififerent temperatures under different degrees of 
pixissure. It boils at a lower temperature on the top of a 
mountain than on the plain below, because the weight bf the 
atmosphere is less at the higher station; There is no limit to 
the temperature to which water might be raised : it might even 
be made red hot, could a vessel be found strong enough to resist 
the pressure, for the intensity of the expansive force prevented 
from having effect by the extreme pressure of the boiler would 
be converted into sensible heat which might eventually render 
the water red hot. Thus, since the force of steam is in pro- 
portion to the temperature at which the water boils, or to the 
pressure, it is under control, and, perhaps with the exception of 
electricity, it is the greatest power that has been made sub- 
servient to the wants of man. 

It is found that the absolute quantity of heat consumed in 
the process of converting water into steam is the same at 
whatever temperature water may boil, but that the absolute heat 
of the steam is greater exactly in proportion as its sensible heat 
if less. Thus^ steam raised at 212° Fahrenheit under the mean 
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pressure of the atmosphere, and steam raised at under half 
the pressure, ooutain the same quantity of heat, with this 
difference, thaf the one has more absorbed heat and less sensible 
heat tlian the other. It is evident that, as the same quantity of 
heat is requisite for converting a given weight of water into 
steam, at whatever temperature or under whatever pressure the 
water may be boiled, therefore, in the steam engine, equal'f 
weights of steam at a high pressure and a low pressure are ] 
duced by the same quantity of ; and whatever the pMs^ 
of the steam may be, the consumption of fuel is pijpportionar' 
the quantity of water. converted into vapour. Steam of whatevef 
tension expands on being set free, but the expansion of high 
pressure steam at the expense of its sensible heat is so great, 
that the hand may be plunged into it without injury the instant 
it issues from the orifice of a boiler. The steam b^pomes hotter* 
by friction in issuing through the orifice which maintains it in its 
dry form, for there is no doubt that high-pressure steam is dry. 

The elasticity or tension of steam, like that of common air, 
varies inversely as its volume — that is, when the space it occu- 
pies is doubled, its elastic force is reduced to one halt The 
expansion of steam is indefinite ; the smallest quantity of water 
expanded into vapour will occupy many millions of cubic feet ; 
a wonderful illustration of the minuteness of the ultimate parti- 
cles of matter. 

The force of steam, tremendous as the lightning itself when 
uncontrolled, is merely the result of chemical affinity : it is the 
chemical attraction between the particles of carbon, of coal er 
wood, and the oxygen of the atmosphere. Mr. Joule has ascer- 
tained that a pound of the 1)cst coal when burnt gives sufficient 
heat to raise the temperature of 8086 pounds of water one degree 
of the Centigrade thermometer, whence it has been computed by 
M. Helmholtz that the chemical force arising from the combus- 
tion of that pound of coal is capable of lifting a body of one 
hundred pounds weight to the height of twenty miles. That is 
the work performed by the heat arising from the Combustion of 
a pound of coal. In all cases where work is produced by heat, a 
quantity of heat proportional to the work done is expended ; and 
conversely, by the expenditure of a like quantity of work, th^ 
same amount of heat may be produced. « The equivalence of heat, 
and work is a law of nature. The mechanical force exerted bj^ 
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the steam en^^e for example is exactly proportional to the oou- 
flUmption of heat, nor more nor less ; if we could produce a greater 
quantity than its equivalent we should have perpetual motion, 
which is impossible. Mechanical engines generate no force. We 
canhot create force ; we can only avail ourselves of the inexhaust** 
ible stores of nature, the lightning, fire, water, wind, chemical 
action, Ac. The quantity of mechanical power in nature is ever 
the same ; it is never increased, it is never diminished, through- 
out the whole circuit of natural powers. The conservation of force 
is as permanent and unchangeable as matter. Itmay be dormant 
for a time, but it over exists. We are unconscious of the enor- 
mous*dynamic power that is either active or latent throughout 
the globe, because we do not attend to it. By the ebb and flow 
of the tide alone a power is exerted by which 25,6Ro cubic miles 
of water is moved over a quarter of the globe every twelve hours ; 
and Professor W. Thomson has computed, by means of Ponillet’s 
data of solar radiation and Mr. Joule’s mechanical equivalent of 
heat, that the mechanical vajue of the whole energy active and 
potential of the disturbances kept up in the ethereal medium by 
* the vibrations of the solar light within a cubic mile of our atmos- 
phere is equal to,12,050 times the unit of mechanical force, that 
is to say, 12,060 ♦times the force that would raise a pound of 
matter to the height of one fool:, whence some idea may be foimed 
of the vast amount of force exerted by the sun’s liicht within the 
limits of the whole terrestrial atmosphere, (N. 223.) 

The dynamic energy of the undulations of the solar light gives 
the leaves of plants the power of decomposing carbonic acid, and 
of separating the particles of carbon and hydrogen from the 
ox y gen for which they have so strong an affini ty . In this operation 
the undulations of the sunbeam are extinguished as light and heat, 
and Professor W. Thomson has proved that the quantity of these 
undulations thus extinguished is precisely equal to the potential 
or quiescent energy thus created, and that precisely tliat very 
quantity of light and heat is restored when the plants are burned, 
whatever state they may be in ; and that thus, as Mr. George 
Stephenson* has truly and beautifully observed, our coal fires 

• To this remarkable man the world is indebted for the locomotive rail- 
way system, which is rapidly advancing the civilization of mankind. 
Britain may well be proud of its working classes, which can produce such 
men ; and Mr. George Stephenson is not the only one ; there are many others ; 
bat no man has ever Imd greater influence by his labours and discoveries on 
human affairs. 
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and gas lamps restore to our use the light and heaV;>of the sun of 
the early geological epochs which have rested as dormant powers 
under the seas and mouhtains for unnumbered ages, sun 

is therefore the source of the mechanical energy of all the heat 
and motion of, inanimate things, of all the motions of the heat 
and light of fires and artificial fiames, and of the heat of all 
living creatures. For animal heat, and weights raised or re- 
sistance overcome, are mechanical effects of the chemical copa- 
bination of food with oxygen ; and food is either directly or 
indirectly vegetable, consequently dependent upon the suh. 

Professor Helmholtz of Bonn has put in a strong point of view 
the enormous store of force possessed by our system by compar- * 
ing it with its equivalent of heat. The force with which the 
earth moves m its orbit is such, that if brought to rest by a 
sudden shock, a quantity of heat would be generated by the blow 
equal -to that produced by the combustion of fourteen such earths 
of solid coal ; and supposing the capacity of the earth for heat as 
low as that of water, the globe would be heated to 11,200® Cent. 
It would be quite fused and for the most part reduced to vapour. 
If it should fall to the sun, which it would certainly do, the 
quantity of heat developed by the shock would be four hundred 
times as great. 

The application of heat to the various branches of the mechan- 
ical and chemical arts has within the present century effected a 
greater change in the condition of man than had been accom- 
plished in any equal period of his existence. Armed by the ex- 
pansion and condensation of fluids with a power equal to that of the 
lightning itself, conquering time and space, he flies over plains, 
and travels on paths cut by human industry even through moun- 
tains with a velocity, and smoothness more like planetary than 
terrestrial motion ; he crosses the deep in opposition to wind 
and tide ; by releasing the strain on the cable, he rides at 
anchor fearless of the storm ; be makes the lightning his mes- 
senger; and like a magician he raises from. the gloomy abyss of 
the mine the sunbeam of former ages to dispel the midnight 
darkness. 

The principal phenomena of heat may be illustrated by a 
comparison with those of sound. Their excitation is not only 
similar but identical, as in friction and percussion ; they are both 
communicated by contact and radiation ; and Dr. Young observes 
that the effect of radiant heat in raising tbe temperature of a 
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body upon wlJich it falls, roseinbles tbp sjTnpathetic agitation of 
a string when the sound of another string which is in unison with 
it is transmitted through the air. Xight, heat, sound, and the 
waves of fluids are all subject to the same laws ; their nndulatory 
theories are perfectly similar: hence the interference of two 
hot rays must produce cold, that is, they must extinguish one 
another: darkness results from the interference of two undula- 
tions of light, silence ensues from the interference of two undu- 
lationi^of sound, and still water or no tide is the consequence 
of the interference of two tides. The propagation of sound, 
however, requires a much denser medium than that of light and 
heat ; its intensity diminishes as the rarity of the air increases : 
so that, at a very small height above the surface of the earth, 
the noise of the tempest ceases, ajid the thunder is heard no 
more in those boundless regions where the heavenly bodies 
accomplish their periods in eternal and sublime silence. 

A consciousness of the fallacy of our senses is one of the most 
important consequences of the study of nature. This study 
teaches us that not)bject is seen by us in its true place, owing to 
aberration ; that the colours of substances are solely the effects of 
the actidh of matter upon light ; and that light itself as well as 
heat and sound are not real beings, but mere motions communi- 
cated to our upreeptions by the nerves. Jhe human frame may 
therefore be regarded as an elastic system, the different parts of 
whidh are capable of receiving the tremors of elastic media, and 
of vibrating in unison ^vith any number of superimposed undula- 
tions, all of which have their perfect and independent effect. 
Here our knowledge ends : the mysterious influence of matter on 
mind will in all probability be for ever hid from man. 
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SECTION .XXVIll. 

p 

Common or Static Electricity, or Electricjty of Tension ^ A Dual Power 
— Methods of exciting it — Attraction and Repulsion — Conduction — • 
Electrics and Non-electrics — Induction — Dielectrics — Tension — 
of the Electric Force — Distribution — Laws of Distribution —-HeAt of 
Electricity — Electrical Light and its Spectrum — Velocity — Atmos- 
pheric Electricity — cause — Electric Clouds — Violent effects of* 
Lightning — Back Stroke — Electric Glow — Phosphorescence. 

Electricity is a dual |X)war which gives no visible sign of its 
existence when in equilibrio, but tvhen elicited forces are de- 
veloped capable of producing the most sudden, violent, and de- 
structive effects in some cases, while in others their action, though 
generally less energetic, is of indefinite and uninterrupted con- 
tinuance. These modifications of the electric %rces, incidentally 
depending upon the manner in which they are excited, present 
phenomena of great diversity, but yet so connected aato justify 
the conclusion that they originate in a common principle. The 
hypothesis of electricity being a fluid is untenable in tbe present 
advanced state of the science ; we only know that it is a force 
whose action is twofold ; that bodies in one electric state atfract, 
and in another repel each other ; in the former .the elec^idty is 
said to be positive, in the latter negative ; and thus regarding it 
as a force, its modes of action come under the laws of mechanics 
and mathematical analysis. 

Electricity may be called into activity by the friction of hete-^ 
rogeneous substances, as in the common electrifying machine, by 
mechanical power, heat, chemical action, and the influence of 
magnetism. We are totally ignorant why it is roused fh>m its 
neutral state by these means, or of the manner of its eiisteneC: 
in bodies ; but when excited it seems to produce a mbkoular 
polarity or chemical change in the ultimate particles of matter^ 
The science is divided into various branebeSy of vhiob statio 
or common electricity comes first under consideration^ ineSudihg^ 
that of the atmo^here. Substances in a neutral state iieiiber 
attract nor repel. There is a numerous daft oalled^d^^^^i^^ 
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which the el^^ric equilibrium is destroyed by friction ; then the 
positive and negative electricities are called into action or sepa- 
rated ; the positive is impelled in one direction, and the negative 
vfn another. Electricities of the same kind repel, whereas those 
; different kinds attract each other. The attractive power is 
^actly equal to the repulsive power at equal distances, and when 
ifct opposed they coalesce with great rapidity and violence, pro- 
ducing the electric iflash, explosion, and shock; then the^equili- 
briuni is restored. One kind of electricity cannot be evolved 
without the evolution of an equal quantity of the opposite kind. 
Thus when a glass rod is rubbed with a piece of silk, as much 
;i)Ositive electricity is elicited in the glass as there is negative in 
ihe ^j|lk. The kind of electricity depends more upon the me-* 
chaiii^i^^ndition than on the nature of the surface ; for when 
two pla^^f glass, one polished and the other rough, are rubbed 
against ea<^ other, the polished surface acquires positive and the 
rough negative electricity. The manner in which friction is 
perfonned also alters the kind of electricity. Equal lengths of 
black and white ribbon applied longitudinally to one another, 
and drawn between the finger and thumb so' as to rub their 
surfaces together, become electric. When separated the white 
ribbon is found to have acquired positive electricity, and the 
black negative ; but if the whole length of the black ribbon be 
drawn across the breadth of the white, tlie black will l>e posi- 
tively and the white negatively electric when separated. The 
friction of the rubber on the glass plate of the electrifying 
machine produces abundance of static electricity. The friction 
of the steam on the valve of an insulated locomotive steam- 
engine produces seven times the quantity of electricity that an 
electrifying machine would do with a plate three feet in diameter, 
worked at the rate of 70 revolutions in a minute. Pressure 
is a source of electricity which M. Becquerel has found to be 
common to all bodies; but it is necessary to separate them to 
pmvent the reunion of the electricities. When two substances 
of any kind whatever are insulated and pressed together they 
assume different electric states, but they only show contrary 
electridties when one of them is a good conductor. When both 
are good conductors they must be separated with extreme 
ra^ndity to prevent a return to equilibrium. When the separa- 
tion is wy sudden the tension of the two electricities may be 



284 CONDUCTION. Sisor.XXVlIt 

great enoii^ to produce light. M. Becquerel attriWtes the light 
produced by the collision of icebergs to this cause. Icelwd 
spar is made electric by the smallest pressure between the 
and the thumb, and retains it for a long time. All these cir-* 
cumstances are modified by the temperature of the substance, 
the state of their surfaces and that of the atmosphere. Several 
crystalline bodies become electric when heated, especially tpur- 
maline, one end of which acquires positive, and the other nega? - 
tive electricity, while the intermediate part is neutral. If the 
tourmaline he broken through the middle, each fragment is found 
to possess positive electricity at one end and negative at the 
other. Electricity is evolved by substances passing from a liquid 
to a solid state, and by chemical action during the production and 
condeusation of vapour, which is a great source of atmospheric 
electricity. In short, it may be generally stated, that when any 
cause whatever tends to destroy molecular attraction there is a 
development of electricity ; if, however, the substances be not 
immediately separated, there will be an instantaneous restoration 
of equilibrium. 

Electricity may be transferred from one body to another in the 
^same manner as heat is communicated, and like it too ^he body 
loses by the transmission. 

Although no substance is altogether impervious to electricity, 
nor is there any that does not offer some resistance to its passage, 
yet it moves with more facility through a certain class of sub- 
stances called conductors, such as metals, water, the human 
body, 4&c., than through atmospheric air, glass, silk, &c., which 
are therefore called non-conductors. The conducting power is 
affected both by temperature and moisture. The terrestrial 
globe is a conductor on account of its moisture, though dvy 
earth is not. Though metals are the best conductors of electricity, 
it affects their molecular structure, for the heat which accom- 
panies its passage acts as a transverse expansive force| which 
increases their breadth by diminishing their lengthy as may be 
seen by^passing electricity through a platinum wire sufBoiently 
thick to resist fusion. Through air the force is dii^irppUye on 
account of its non-conducting quality, and it seems to act (^emi- 
cally on the oxygen, producing the substance known as (SRmo 
during its passage tbrou^ the atmospheie« If a ocpdqptbr be 
good and of sufficient size the electricity passes impei^pti^ly 
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but it is sbivcnred to pieces in an instant if it be a bad conductor 
or tck) simall to carry off the charge. In that case the physical 
change is generally a separation of the particles, or expansion 
froxn the heat^ as in trees^ where it turns the moisture irito 
sti^m, but all these effects are in proportion to the obstacles 
opposed to the freedom of its course. • 

Bodies surrounded by non-conductors are said to be insulated^ 
because when charged the electricity cannot escape. When that 
is not the case, the electricity is conveyed to the earth : conse- 
quently it is impossible to accumulate etectricity in a conducting 
substance that is not insulated. There arc a great many sub- 
stances called non-elcctrics in which electricity is not sensibly 
developed by friction unless they be insulated, because it is 
carried off by their conducting power as soon as elicited. Metals, 
for example, which are said to be non-electrics can be excited, 

• blit being conductors they cannot retain this state if in communi- 
cation with the earth. It is probable that no bodies exist which 
are either perfect non-electrics or perfect non-conductors. But 
it is evident that electrics must be non-conductors to a certain 
degree, otherwise they could not retain their elect ric state. 

A body charged with electricity, although perfectly insulated, 
so that allesca|)e of electricity is prevented, tends to produce an 
electric state of the op^xisite kind in all bodies in its vicinity. 
Positive electricity tends to produce negative electricity in a body 
near to it, and vm versa, the effect being greater as the distance 
diminishes. This power which electricity possesses of causing an 
opposite electrical state in its vicinity is called induction. A 
L^*den jar, for example, or glass jar coated half way up both 
outside and in with tin foil, when charged with positive electri- 
city, immediately induces negative electricity on the tin foil 
outside. Notwithstanding their strong mutual attraction they 
are prevented from coalescing by the glass, which is a iion-con- 
4uctor ; but if the tin inside and out be connected by a conduct- 
ing wW^ey instantly unite. When a body in either electric 
; state is pi^ented to a qeutral one, its tendency in consequence 
of the 0 is to disturb the condition of the neutral 

llody by inducing electricity contrary to its own in the adjacent 
'\4ld6, electrical state similar to its own in the 

reioOi^ Hence the neutrality of the second body is de^ 

by the actioh of the Oret, and the adjacent parts of the 
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two, Iwvlng now opponte electricities, will attract each other^ 
The attraction between electrified and unelectrified subatances is 
a consequence of the altered state of their molecules; Induction 
depends upon the facility with which the«equUibrium the 

neutral body can be overcome, a facility which is px>portianal to 
its conducting power, (lonsequently the attraction exerted by 
an electrified substance upon another substance previously 

neutral will be much more energetic if the latter be a conductor 
than if it be a non-conductor. 

It is clear that one body cannot act upon another at a 
distance without some means of communication. Dr. Faraday 
has proved that the intervening non-conducting substance or 
dielectric has a great influence upon induction. Thus the 
inductive 7orce is greater when sulphur is interpqsed between 
the two bodies than when shellac is the dielectric, and greater 
when shellac is the dielectric than glass, &c. Professor Matteucci 
has proved by the following experiment that the intervening sub- 
stance is itself polarized by induction. A number of plates of 
mica in contact were placed between two plates of metal, one 
of which was electrified, so that the whole was charged Jike a 
Leyden jar. On separating the plates with insulating handles, 
each plate of mica was electrified ; one side of it was positive and 
the other negative, showing decidedly a polarization by induction 
throughout the whole intervening non-conducting substtoce ; and 
thus, although the interposed substance or. dielectric incapable 
of conducting the electrical force from one body tn;; the othei^ 
it becomes by induction capable of tranwitting it. In the 
atmosphere induction is transmitted b^ that of the intervening 
strata of air. It is true that induction takes place . through 
the most perfect vacuum wc can make, but there alwkyjs lemaiin) 
some hi^ly elastic air ; and even if air could be altogether 
excluded, the ethereal medium cannot, and it must be capable of 
induction, since, however attenuated, it must consist of material 
atpins, ptWwise it would be a nonentity. 

7 electrical attraction and repulsion has been 

suspending a needle .of giun-lao hori|iniitaUy by a 
fpk carrying at one ^ a ^ec^bf eleotrifi^ 

gotd leaf. A globe in the same of op{a»imilecM^ State when 
preseo|e4 to 1^ rep^ orafl^t it/a^ will there* 

jt^neei^ or cuxKnding^ 



DISTBIBUTION. 


287 


&BOT. xxvm, 

to the distani^ of t^e globe. A comparison of the number of 
oscillations performed in a given time at different distances will 
determine Ihe law of the variation of the electrical intensity, in 
the tame hianner that the force of gravitation is measured by 
the oscillations of the pendulum. Coulomb invented an instru« 
ment which balances the forces in question by the force of the 
torsion of a thread, which consequently measures the intensity; 
and Sir William Snow Harris has constructed an instrument 
with which he has measured the intensity of -the electrical 
fonce in terms of the weight requisite to balance it. By 
these methods it has been* found that the intensity of electrical 
attraction and repulsion varies inversely as the square of the 

K nee. However, the law of repulsive force is liable to great 
rbances from inductive action, which Sir William Snow 
Hariniihas found to exist not only between a chargsd and 
neutral body, but also between bodies similarly charged ; and 
that, in the latter case, the Inductive process may be indefinitely 
modified by the various circumstances of the quantity and 
intensity of the electricity and 4 m distance between the charged 
bodies. ^ 

Tbe quantity of electricity bodies are capable of receiving 
does not follow the proportion of their bulk, but depends 
principally upon the form and extent of their surface. It 
appears from the experiments of Sir W. S. Harris that a 
given quantity of electricity, divided between tw'o perfectly 
equal and similar bodies, exerts upon external bodies only one 
fourth of tbe attractive force apparent when disposed upon one 
of them ; and if it be distributed among three equal and similar 
bodies, the force is one ninth of that apparent when it is 
disposed on one of them. Hence, if the quantity of electricity 
be the same, .the forco varies inversely as the square of the 
surface on which .it is disposeil ; and if the surface ^ the same, 
the force varies directly as the square of the quantity of 
electricity. These laws however do not hold when the fonn of 
the surface is changed. A given quantity of electricity disposed 
on a given surface has tbe greatest intensity when the surfime 
lias a circolar fcnUi and the leastaintensity when the surface tfi 
expanded into an hufefinito straight line. The decrease of 
intensity seems to arise ftx>m some p^uliar arrangement of the 
' electricity depending on the extension of the sutfacci It is 
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quite independent of the extent of the edge* the area being the 
same; for Sir W. S. Harris found that the electrical intensity 
of a charged sphere is the same mth that of a plane circular 
area of the same superficial extent, and that of** a charged 
cylinder the same as if it were cut open and expanded into a 
plane surface. 

The same able electrician has shown that the attractive force 
between an electrified and a neutral uninsulated body is the 
same whatever bo the forms of their unopposed parts. Thus 
two hemispheres attract each other with precisely the sjftne 
force as if they were spheres ; and as the force is as the number 
of attracting points in operation directly, and as the squares of 
the respective distances inversely, it follows that the attraction 
betwecy a mere ring and a circular area is no greater than that 
between two similar rings, and the force between a sphtre and 
an opposed spherical segment of the same curvature is no greater 
than that of two similar segments, each equal to the given 
segment. 

Electricity may be accumulated to a great extent in insulated 
bodies, and so long as it is quiescent it occasions no sensible 
change in their properties. When restrained by the non-con- 
ducting power of the atmosphere, its tension or tho piessure it 
exerts is proportional to the coercive force of the air. If the 
pressure be less than the coercive force, the electricity is 
retained ; but the instant it exceeds that force in any one point 
it escapes, and. that more readily when the air is attenuated or 
saturated with moisture, for the resistance of the air is pro- 
portional to the square of its density, but the inductive action 
of electricity on distant bodies is independent of atinospheric 
pressure. The power of retaining electricity depends also on 
the shape of the charged body. It is most easily retained by a 
sphere, next to that by a spheroid, but it readily escapes from a 
point, and a pointed object receives it. with most facility# ; v 

The heat produced by the electric shock is prc^rtiorical te 
the square of the quantity of electricity disebafg^, and is ; so 
intense that it fuses metals and volatilizes subslfl^s^ iU 
iutensify is not felt to its fuM extent on aocodint of the; 
of its duration. It is only accompanied l^ li^t wheii^^ 
elwtricity ieobstructed in Us passage tlnnugh substance. 
Electrical light when analysed by a prisin differs very 
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from 9olttr light. Fraunhofer found that, instead of the fixed dark 
lines, the spectrum of an electric spark is crossed hy numerous 
bright lines ; and Professor Wheatstone has observed that the 
number and position of the lines difier with the metal from 
which the spark is taken, and believes the spark itself resutls 
from the ignition and volatilization of the m&tter of the con- 
ductor. 

According to the experiments of Sir Humphry Davy, fhe 
density of the air has an infiuenee on the colour. He passed the 
electric spark through a vacuum over mercury, which from green 
l*ecame successively sea-green, blue, and purple, on admitting 
different quantities of air. When the vacuum was made over 
a fusible alloy of tin and bismuth, the spark was yellowish and 
extremely pale. Sir Humphry thence concluded that electrical 
light principally depends uix>n some properties belonging to thq 
ponderable matter through which it passes, and that space is 
capable of exhibiting luminous appearances, though it does not 
contain an appreciable quantity of matter. He thouglit that the 
superficial particles of Wies which form vapour, when detached 
by the repulsive power of heat, might bo equally separate by 
tlte electric forces, and produce luminous appearances in vacuo 
by the destruction of their opposite electric stales. 

The velocity of electricity is so great tha^. the most rapid 
motion which can be produced by art appears to be actual rest 
when compared with it. A wheel revolving with celerity sufii- 
cient to render ito spbkes invisiblfe, when illuminated by a flash, 
of lightning, is seen tor an instant with all its spokes distinct, as 
if it were in a state of absolute reiwse ; because, however rapid 
the rotation may be, the light has come and already ceased before 
the wheel has had time to turn through a sensible space. This 
be^utitol experiment is due to Professor Wheatstone, as well as 
the following variation of it, which is not less striking : If a 
circular piece of pasteboard be divided into three fifectors, one of 
which is painted blue, another yellow, and a third red, it will 
s;pp6BX to be white when revolving quickly, because of the 
rapidity with which the impressions of the colours succeed each 
other on the retina. But, the instant it is illuminated by an 
electrio spark, itsSems to standstill, and each colour is as distinct 
as if it were at rest. This transcendent speed of electricity has 
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been ingeniously measured, as follows, by l^^fessorHiTheatfitonet 
who has ascertained that it much surpasses the velocity of 
light. 

In the horizontal diameter of a small* disc, fixed oil the wall 
of a darkened room, are dis^xysed six small brais balls, well insu- 
lated from each *oth6r. An insulated copper wire, half a mil^ 
long, is disjointed in its middle, and also near its two extremities ; 
th^six ends thus obtained are connected with the six balls on the 
disc. When an electric discharge is sent through the wire by? 
connecting its two extremities, one with the positive, and the 
other with the negative coating of a Leyden jar, three sparks are 
seen on the disc, apparently at the same instant. At the di&* 
tance of about ten feet a small revolving mirror is placed so M 
to reflect these three sparks during its revolution. From* we 
extreme velocity of the electricity, it is clear that, if tlie three 
sparks be simultaneous, they will be reflected, and will vanisll 
before the mirror has sensibly changed its position, however rapid 
its rotation may be, and they will be seen in a straight line. 
But if the three sparks be not simultaneously transmitted to^the 
disc-^if one, for example, be later than the other two— the mirror 
will have time to revolve through an indefinitely small arc in 
ihe interval between the reflection of the two sparks and that of 
the single one. However, the only indication of this smalls 
motion of the mirror will be, that the single spark will not oB 
reflected in the same straight line with the other lfwo,l(ut a little 
above or below it, for the reflection of all three will still be 
apparently simultaneous, the time interveoing being much too 
sWt to he appreciated. 

liince the number of revolutions which the revolving mirror 
makes in a second is known, and the angular devigtion of the 
reflection of the single spark from the reflection of the oti^r two 
pan be measured, the time elapsed between their consecutive re- 
flections can be ascertained. And, as the length of that part of 
the wire through which the electricity has passed is ]Bdv^ its 
velocity may be found. 

The number ofpuls^ in a second, requisite to pj^uce a 
note of any pitch, are known ; hence the nuUtber of lavolutions 
accomplish by the,mirror in a given Uma may be datenpined 
from the musical note produced by a tooth or pe£U Uo axis 
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rotation, striking against a card, or from the notes of a siren 
attached to the axis. It was thus that Professor Wheatstone 
found th^ mirror which he employed in his experiments made 
800 revolutions in a second ; and, as tlie angular velocity of the 
reflected image in a revolving mirror is double that of the mirror 
itself, an angular deviation of one degree in the appearance of 
the two sparks would indicate an interval of the 576,000th of a 
second ; the deviation of half a degree would, therefore, indicate 
more than the millionth of a second. The use of sound as a 
measure of velocity is a happy illustration of the connexion of 
the physical sciences. 

The earth possesses a powerful electrical tension, and the atmos- 
phere when clear is almost always positively electric. Its elec- 
tricity is stronger in winter than in summer, during the day 
than in the night. The intensity increases for two or thiee 
hours from the time of sunrise, comes to a maximum between 
seven and eight, then decreases towards the middle of the day, 
arrives at its minimum between one and two, and again augments 
as the sun declines till about the time of sttnset, after which it 
dhninishes and continues feeble during* the night. The mere 
condensation of vapour is a source of atmospheric electricity ; but 
although it is also produced by the va^Dpur that rises from the 
surface of the earth, it is not under all circumstances. M. Pouillet 
found that electricity is only developed when accompanied by 
chemical action : for example, when the water whence the vappur 
proceeds contains lime, chalk, or any solid alkali, uogativie elPC* 
tricity is produced ; and when it holds in solution either gas, acid, 
or some of the salts, the vapour is |iositively electric. Besildes, the 
contact of earth with salt and fresh water generates positive elec- 
tricity, and the contact of fresh and salt currents of water 
negative, so that the ocean must afford a great supply to the 
atmosphere ; hence thunderstorms are most frequent near the 
coasts • but as electricity of one kind or another is developed 
whenever the molecules of matter are deranged from their natural 
state of equilibrium, there must iSe many partial variations In tbp 
electric state of the air. When the invisible vapour rises charged 
ynth! electricity into the cold regions of the atmosphere. It is 
^ofldeuked into cloud, in which the tension is increas^ because * 
4e eleotricity is confined to a smaller space ; and if the oendeu**' 
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nation be sufficient to produce drops of rain, they carry the 
electricity to the ground, so that in general a shower is a con-* 
ductor between the clouds and the earth. When two clouds 
charged with opposite kinds, but of equal tensiem, approach within 
a certain distance, the intensity increases on the sides of the clouds 
that are nearest to one another ; and when the tension is great 
enough to overcome the coercive pressure of the atmosphere, a 
discharge takes place wliich causes a flash of lightning, the stroke 
being given either by the cloud or the rain. The actual quantity 
of electricity in any part of a cloud is extremely small. The 
intensity of the flash arises from the great extent of surface 
over which it is^ spread, so that clouds may be compared to 
enormous Leyden jars thinly coated with electricity, which only 
acquires its intensity by its instantaneous condensation. The 
rapid and irregular motions of thiilider clouds are probably more 
owing to strong electrical attractions and repulsions among them- 
selves than to currents of air, though lK>th are no doubt con- 
cerned in these hostile movements. The atmosphere l)ecornes 
intensely electric on Ihe approach of rain, hail, snow, sleet, ami 
wiml ; but it varies afterwards, and the transitions arc very ra[>id 
on the approach of a thundorstorm. 

Since air is a non-conductor, it does not convey the electricity 
from the clouds to the earth, but it acquires from them an oi)j) 0 - 
site kind, and when the tension is very great the force of the 
electricity becomes irresistible, and an interchange takes place 
between the clouds and the earth ; but so rapid is the motion of 
lightning, that it is difficult to ascertain whether it goes from the 
clouds to the earth or shoots upwards from the earth to the 
clouds, though there can be no doubt that it docs both. In a 
storm that occurred at Manchester in June 1835, the lightning 
was observed to issue from various points of a road, attended by 
explosions as if pistols 'had been fired out of the ground, and a 
man seems to have been killed by one of these explosions taking 
place under his foot. M. Gay Lussac ascertained that a flash of 
lightning sometimes darts more than three miles in a straight 
line. A person may be killed by lightning, although the explo- 
sion takes place at a distance of twenty miles, by what is called 
the hack stroke. Suppose that the two extremities of a highly 
charged cloud hang down towards the earth, they will repel the 
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electricity f^m the eartli’s surface if it be of the same kind with 
their own, and will attract the other kind ; and if a discharge 
should suddenly take pl^ at one end of the cloud, the equili- 
brium wRl be instantly restored by a flash at that point of the 
earth which is under the other. Though the back stroke is often 
sufficiently powerful to destroy life, it is never so terrible in its 
effects as the direct stroke, whicli is often of inconceivable inten- 
sity. Instances have occurred when large masses of iron and stone, 
and even many feet of a Avail, have been carried to a con- 
siderable distance by a sttbiil^f lightning. Rocks and the tops 
of mountains often bear the marks of fusion from its intense 
heat ; and occasionally vitreous tubes descending many feet into 
banks of sand mark its path. Dr. Fiedler exhibited several of 
these fulgori tea in London of considerable length, which had been 
dug out of the sandy plains of Silesia and Eastern Prussia. One 
found at Pader])orn was forty feet long. Their ramifications 
generally terminate in pools or springs of water below the* sand, 
which are sup]X)scd to determine the course of the lightning. 
No doubt the soil and substrata must influence its direction, since 
it IS found by exjKuience that places wliich have bccli once stnick 
by lightning are often struck again. An insulated conductor on 
the approach of a storm gives out such quantities of sparks that 
it is dangerous to approach it, as was fatally experienced by 
Professor Itichman at Petersburg, who was struck dead by a 
dolie of fire from the extremity of a conductor, while making 
experiments on atmospheric electricity. Copper conductors aftbrd 
the l:>est i.)rotection, especially if they exi>osc a broad surface, 
since electricity is conveyed along the surface of bodies. There 
is no instance of an electiic cloud of high tension being disj)elled 
by a condiictcy, yet those invented ly Sir William Snow 11 arris, 
and uiiiversally employed in the navy, afibrd a complete protec- 
tion in the most imminent danger. The Shannon, a 50-gun 
frigate, commanded by the brave and lamented Sir William Peel, 
was enveloped in a thiinder-storin when about 90 miles to the 
north-west of Java. It Ixjgan at fifty minutes past four in the 
afternoon ; the ship was driven before the storm, in a high sea, 
amid stream^ of vivid lightning, deafening thunder, hail, and 
rain. At five o’clock an immense ball of fire covered the main- 
topgallant mast, ran up thb royal pole, dnd exploded in the air 
with a terrific concussion, covering all the surrounding space 
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with sparks of electric light, which w4e driven rijddly to Iva- 
ward by the wind. Fifteen minutes later an immense mass of 
lightning struck the mainmast, attended by a violent gust of 
wind ; and another heavy discharge fell on it a quarter of an 
hour afterwards. From that time till six o'clock the ship was 
continuallj' enoonipa»st\l h\ shaqi forked lightning, accompnni^il 
by incessant peals of thunder. Though actually enveloixd in 
electricity, and struck three times, neither the hull nor the 
rigging sustained the slightest iniury. 

When the air is rarefied by hciii, its coercive power is dimi- 
nished, so that the electricity esca]>es from the clouds in lliosc 
laniheiit diffuse flashes without tlmmler so frequent in warm 
summer evenings ; and\Y]ien the atmosphere is highly charged w » 
electricity, it not unfrequentiy liap[K'iis that electric li du, n'' 
the form of a star, is Sf’en on the topmasts aud yard-aniis ' *f shi]'* 

In 1831 the French tdlicers at Algiers were surprise <1 to see 
hruslies of light on the heads of their comrades, aud at. the] )iutf 
of their fingers when they held ii]> their hands. This phonon »( non 
was well known to tlie ancienls, wlio reckoned it a lucky oinen 
Many substances, in decaying, emit light, w'hich is attrilmW 
to electricity, sucli as fish and rotten wood. Oyster -shells, a n^ 
a variety of mim*rals, liecome pliosi>horescent at certain ten 
tures wlien exj’osed to electric shocks or friction : indeed, most 
of the causes which disturb molecular e(|uilil)rium give rise to 
phosphoric phenomena. I’he minerals jicssessing this property 
are gcnemlly coloured or im]»erfectly transpanml ; and, though 
the colour of this light varies in different substances, it has no 
fixed relation to the colour of the mineral. An intense, heat 
entirely destroys this property, ami the phosphorescent light de- 
veloiied by lieat has no connexion witli light produced by fric» 
tion ; for Sir David l3rewsU*r observed that bodies de]>rived of 
the faculty of emitliiig tJic one are still capable of giving out the 
other. Among the bodies which gencmlly become phosphores- 
cent when exposed to heat, there are some specimens which do 
not possess this property ; wherefore iihosjihorescence cannot be 
regarded as an essential character of the minerals possessing it. 

. Siilphuret of calcium, known as Canton’s phosphorus, and the 
sulphuret of barium, or llologna stone, [lossess the phosphores- 
cent pmtxirty in an eminent degree. * 

Multitudes of fish are endowed with the power of emitting 
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liglit at plefiui*c, no doubt to enable them to. piireue their prey 
at depths where the sunbeams cannot penetrate. Flashes df light 
are frequeitly seen to dart along a shoal of herrings or pilchards • 
and the Medusa tribes are noted for their phosphorescent bril- 
liancy, niiiny of which are extremely small, and so numerous as 
to make the wake of a vessel lcK)k like a stream of silver. 
Nevertheless, the. luminous appearance which is frequently ob- 
served in the sea during the siimmei- months cannot always be 
attributed to marine aiiimalcul®, as the following narrative will 
.snow 

C:i[)tain Ponnycastle, coming up the Gulf of St. Lawrence 
? the <fh of So|)teml)er, was roused by the mate of the. 

^sel iv} great alarm from an unusual appearance. It was 

stai night, when suddenly the sky became overcast ip 
■'m;.: di ’Oil of the iiigii land, and an instantaneous and in- 
vivid light, resembling the aurora, shot out of the 
hitliuno gloomy and dark sea ' u tlie lee how, which was sobril- 
li; that it lighted evervfoii. iistinctly even to the mast-head, 
'j’l^ jiglit 'qaead over tlie vvjiOle .an between tlie two shores, and 
t. e wav(*s, which before liad been tranquil, now licgan to he agi- 
tjiied. <.>aptaiii nonnyeastle de.scrihes tJie scene as that of a 
lilazing slicet of awful and most brilliant light. A long an<l 
vivid line of light, superior in brightness to tlie parts of the sea 
not immediately near the vessel, shov.ed tlie base of the high, 
frowning, and dark land abreast ; the sky became hnvering and 
more intensely obscure. Long tortuous liiie>> of light showed 
immense numhors of very large fish darting about as if in con- 
sternation. The sprit-sail yard «and nizen-hoom were lighted 
by the glare, as if gaslights had been burning directly below 
them ; and until just before daj^break, at four o’cloclv, the most 
minuter objects were distinctly visible. Day broke very slowly, 
and the suu rose of a fiery and tlireatQning aspect. Rain fol- 
lowed. Captain Boiinycastle eaiised a bucket of this fiery water 
to bo drawn up ; was one mass of light when stirred by the . 
hand, and not. in s|iarl\S as usual, hut in actual coruscations. A 
jiortion of the w'atcr preserved its luminosity for seven nights. 
On the third nij^ht, the scintillations of the sea reappeared ; the 
sun went down very singularly, exhibitiug in its descent a 
double sun ; and, w'hen only a few degrees liigh, its spherical 
figure changed into tliat of a long cylinder, which reached the 
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horizon. In the night the sea became nearly as 'luminous as 
before, hut on the fifth night the appearance entirely ceased. 
Captain Honnycastle did not think it proceeded from animalcula>, 
but imagined it might be some compound of phosphorus, sud- 
denly evolved and disposed over the surface of the sea. It 
had probably been that peculiar form of electricity known as the 
glow discharge, of which the author once saw a very remarkable 
instance. 

M. E. Becqucrel assures us that almost all substances are 
phosphorescent after being exposed to the sun if instantly with- 
drawn into darkness, and that it depends upon the arrangement 
•of the particles and not upon chemical action. The salts of 
uranium give the same kind of phosphorescent light as that pro- 
duced by the violet rays of the solar spectrum. A solution of the 
bisulphate of quinine emits a yellow phosphorescent light, whereas 
the fluorescent light of that liquid is blue. The colours of these 
two kinds of light are generally complementary to one another. 

Phosphorescence is probably more or less concerned in some, at 
least, of a series of very curious e;cperiments- made by M. Niepce 
de Saint-Victor, on what he calls the saturation of substances with 
light. It has long been known that, if a person in an intensely 
dark room should expose his arm to the sun through a hole in a 
window-shutter, it will shine on being drawn into the darkness. 
Now, M. de Saint- Victor found that if an engraving be exposed 
for a certain time to the sun, and instantly brought into darkness, 
it will make a photographic imprftssion on a collodion or argen- • 
tine surface, and that anything written or drawn with tartaric 
acid, or a solution of the salts of uranium, in large characters, is 
rcju’oduced even’ at a small distance from a sensitive surface. It 
may be presumed that the light communicates its vibrations to 
the surfaces exposed to it with sufficient force to enable them to 
disturb the unstable equilibrium of such sensitive substances as 
collodion or the argentine salts. M. de Saint-Victor has shown 
that tartaric acid, which is readily impressed by sunlight, is 
neither fluorescent nor phosiffioresccnt, whence he concludes that 
his experiments are independent of both of these modes of action. 
Uranium ap]3ear8 to have very peculiar properties : its salts are 
strongly luminous when exposed to the sun ; thgy are very fluo- 
rescent ; and the crystallized azitote of uranium becomes phos- 
phorescent by percussion. 
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SECTION XXIX. 

.Voltaic Electncity — The Voltaic Battery — Intensity — Quantity — 
Static Electricity, and Electricity in Motion — Luminous Eftects — Mj . 
Oiwe on the Electric Arc and Light — l>compobition of Water— -Fonn.i- 
tion of Crystals by Voltaic Electricity — Photo-galvanic Enginring — 
Conduction — Heat of Voltaic Electricity — Electric Fish. 

Voltaic or Dynamic electricity is elicited by the force of chemi- 
cal action. It is connected with some of the most brilliant 
periods of British science, from the splendid discoveries to which 
it led Sir Humphry Davy and Dr. Faraday. 

In 1790, while (lalvaui, Professor of Anatomy in Bologna, was 
making experiments on electricity, he was surprised to see con- 
vulsive motions in the liinhs of a dead frog accidentally lyiiuj: 
near the machine during ni electrical discharge. Though a 
fcliinilar action had been noticed long before his time, ho Avas so 
much struck Avith this singular phenomenon, that he examined alh 
the circumstances carefully, and at length found that convulsions 
take place an hen the nerve and muscle of a frog are connected by 
a metallic conductor. Tliis excited the attention of all Europe ; 
and it Avas not long before Volta, Professor at Pavia, shoAved that 
the mere contact of dilforcnt bodies is sufticient to disturb elec- 
trical equilibrium, and that a current of electricity iloAvs in one 
direction through a circuit of three conducting substances. From 
this he Avas led, by acute reasoning and experiment, to the con- 
struction of the Voltaic pile, Avhich, in its early form, consisted 
of alternate discs of zinc and copjier, separated by pieces of wet 
cloth, the extremities being connected by wires. 'Fhis simple 
apparatus, perhaps the most AA’oiulerful instniment that has been 
invented by the ingenuity of man, by divesting electricity of its 
sudden and uncontrollable violence, and giving in a continued 
stream a greater quantity at a diminished intensity, has exhibited 
that force under a new and manageable form, possessing powers 
the most astonishing and unexpected. The expression cunpnt has 

no relation to a fluid, which Ms now considered to he as inconsis- 

tent with the phenomena of dynamic as with static electricity. 

0 3 
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It was shown by Grotthns that the transmission of Vt^taie elec- 
tricity through liquids consists of a series of chemical afilnities 
acting indefinite directions ; and Mr. Grove, from ah examination 
of its action on the various kinds of matter, hai^cometoym same 
conclusion. Indeed it is now the generally received opinion that 
a current of electricitj" is merely a continuous transmission of 
chemigal affinity from particle to particle of the substance through 
which it is passing, and consequently that it is a continuous 
transmission of force. As the Voltaic battery has become one of 
the most important engines of physical research, some account 
of its present condition may not be out of place. 

The disturbance of electric equilibrium, and a development of 
electricity, invariably accompany the chemical action of a fluid on • 
metallic substances, and the electricity is most plentiful when 
that action occasions oxidation. Metals vaiy^ in the quantity of 
electricity afforded by their combination with oxygen. But the 
greatest abundance is developed by the oxidation of zinc by weak 
sulphuric acid. And, in conformity with the law that one kind of 
electricity cannot be evolved without an equal quantity of the 
other being brought into activity, it is found that the acid is 
positively, and the zinc negatively electric. It has not yet been 
ascertained why equilibrium is not restored by the contact of 
these two substances, which are both conductors, and in opposite 
electrical states. However, the electrical and chemical changes 
are so connected, that, unless equilibrium be restored, the action 
of the acid will go on languidly, or stop as soon as a certain 
quantity of electricity is accumulated in it. Equilibrium, never- 
theless, will be restored, and the action of the acid will be con- 
*tinuous, if a plate of copjier be placed in contact with the zinc, 
both being immersed in tlie fluid ; for the copper, not being 
acted upon by the acid, will serve as a conductor to convey the 
|iositive electricity from the acid to the zinc, and will at ^very 
instant restore the equilibrium, and then the oxidation of the 
zinc will go on rapidly. Thus three substances are concerned in 
forming a Voltaic circuit, but it is indispensable that one of them 
should be a fluid. The electricity so obtained will be very 
feeble in overcoming resisfinces Offered by im|)erfect conductors 
interix^ed in the circuit, or by very long wires, but it may be 
augmenteil by increasing the numl)er of plates. In the common 
Voltaic battery^ the electricity which the fluid has acquired from 



Sect. XXIX. VOLTAIC BATTEEY.. 299 

the fin^ of zinc exposed to its action is taken up by the 
oopper plate belonging to the second pair, and transferred to the 
second zinc plate, with which it b connected. The second plate 
of zinc, |i>sses8ing equal jwwers, and acting* in conformity with 
the first, having thus acquired a larger portion of electricity than 
its natural share, communicates a larger quantity to the fluid in 
the second cell. This increased quantity is again transferred to 
the next pair of plates ; and thus every succee^ng alternation is 
•productive of a further increase in the^quantity of the electricity 
developed. This action, however, would stop unless a vent were 
given to the acoiimulatcd electricity, by establishing a communi- 
cation between the positive and negative poles of the battery by 
means of wires attached to the extreme plate at each end. When 
the wires are brought into contact, the Voltaic circuit is com- 
]>leted, the electricities meet and neutralize each other, producing 
the shock and other electrical phenoincna; and then* the electric 
current continues to flow iviintcmiptedly in the circuit, as long 
as the chemical action lasts. Tlie stream of ix)sitive electricity 
flows from the zinc to the copix?r. The constniction and power 
ofi the Voltaic battery liave been much improved of late years, but 
the most valuable inii)rovcmenfc is the amstant battery of Pro- 
fessor Danicll. In all batteries of the ordinary construction, 
the power, however energetic at first, rapidly diminishes, and 
ultimately becomes very feeble. Professor Daniell found that 
this diminution of power is occasioned, by the adhesion of the 
evolved hydrogen to the siy’face of the copper, and by the precipi- 
tation of the sulphate formed by the action of the acid on the 
zinc. He prevents the latter by inteqiosing between the copper 
and Uie zinc, in the ceil containing the liquid, a membrane which, 
without inii)eding the electric current, prevents the transfer of 
the salt ; and the fomier, by placing between the copper and the 
membrane solution of .sulphate of copper, which being reduced 
by the hydrogen prevents the adhesion of this gas to the metallic 
surface. Each element of the battery consists of a hollow cylinder 
of oopper, in the axis of which placed a cylindrical rod of zinc ; 
between the zinc and the copper a membranous bag is placed, 
which divides the cell into two portions, the inner of which Is 
filled with dilute acid, and the one nearer the copper is supplied 
with crystals of the sulphate of that metol. The battery cemsists 
of sevexal of these elementary cells connected together by metal- 
lic wires, the zinc rod^of one with the copper cylinder of tbet 
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mt to it, IV fine lodir ara amiilgatnatGd, ao that acUon, 
which, in onhoATjr tU'ves, i» so dcstnictive of the sine, does not 
lake place, and no chemical action is manifested unless the 
circuit be completetl. The rods are easily detached, i^d others 
substituted for them when worn out. This battery, wlifch pos- 
sesses considerable ixiwer, and is constant in its. effects for a very 
long time, is greatly sii|ierior to all former arrangements, either 
as an instrument* of research, or for exhibiting the ordinary phe- 
nomena of Voltaic electricity. « 

A battery cliargt*d with water alone, instead of acid, is constant 
in its action, but the quantity of electricity it develops is com- 
iwratively very small. Mr. Cross, of Broomfield in Somerset- 
shire, kept a battery of this kind in full force during twelve 
months. M. Becquercl had invented an instrument for compar- 
ing the intensities of the ditferent kinds of electricity by means 
of weights ; but, as it is impossible to mal«e the compari8(]?^itt^; 
Voltaic electricity produced by tifb ordinary batteries, onf^idSpmt 
of the ]:>erix;tual variation to which the intensity of tlftf ciltfeht is 
liable, ho has constructed a battery whicli aftbrds a continued 
stream of electricity of uniform }M>\ver, but it is also of very 
feeble force. The current is produced by the chemical combina- 
tion of an acid with an alkali. 

Metallic contact is not necessary for the production of 'Voltaic 
electricity, which is entirely due to chemical action. The inten- 
sity of the Voltaic electricity is in proportion to the intensity of 
the affinities concerned in its production, and the quantity 
produced is in pro]K)rtion to the quantity of matter which has 
l>een chemically active during its evolution. Dr. Faraday con- 
siders this definite production to l)e one of the strongest proofs 
that electricity is of chemical origin. 

Galvanic or Voltaic electricity is manifestexl V»y two continuous 
forces or currents passing in opix)site directions through the 
circuit : the zinc is the positive end or pole of the battery, and 
the copper the negative. 

Voltaic electricity is distinguished by two marked characters. 
Its intensity increases with the number of plates, its quantity 
with the extent of their surfaces. The most intense concentration 
of force 13 displayed by a numerous scries of large plates : light 
and heat are copiously evolved, and chemical decomposition is 
accomplishttl with extraordinary energy ; whereas the electricity 
from one pair of plates, whatever their syse may bo, is so feeble 
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that it ^veyio sign either of attraction or ^repulsion. Cominon 
or static electricity is of greater intensity and has a greater 
of overcoming resistance than Voltaic electricity, but it 
acts upon& smaller quantity of matter. However, by diminish- 
ing the 8i& of the plates, and increasing their number, the inten- 
sity of a battery may be increased till it becomes equal to that 
of the electrical machine. 

The action of Voltaic electricity differs in some respects 
materially from that of the ordinaiy kind. When a quantity of 
common electricity is accumulated, the restoration of equilibrium 
is attended by an instantaneous violent explosion, accompanied 
by the development of light, heat, an<l sound. The concentrated 
|X)W’erof the electricity forces its way through every obstacle, dis- 
rupting and destroying the cohesion of the ])Hrticles of the bodies 
through which it passes, and occasionally increasing its destruc- 
tive effects by tlie conversion of fluids into steam from tlie inten- 
sity of the momentary heat, as .vhen trees are torn to pieces by a 
stroke of lightning. Kven the vivid light wliich marks the path 
of the electricity is probably owing in part to the sudden coin- 
jiression of tbe Jiir and the rapidity of its passjige. Ihit the 
instant equilibrium is restored by tins energetic action the whole 
is at an end. On tlic 'contrary, when an accumulation takes 
place in a Voltaic battery, eqiiilihrinm is restored the moment 
the circuit is coinideted. l>ut so far is the electric stream from 
iHjing exhausted, that it continues to flow silently and invisibly 
ill an uninterriqited current supplied by a j^ertietual reprc>duction. 
And, although its action on botlics is neither so sudden nor so 
intense as that of anninon electricity, yet it acquires such ]>ower 
from constant; accumulation and continued action, that it ulti- 
mately SU17MS8CS the energy of the other, 'fhe two kinds of 
electricity differ in no circumstance more than in the development 
of heat. Instead of a momentary evolution, the circulation of 
the Voltaic electricity is accompanied by a continued develop- 
ment of heat, lasting as long as tlio circuit is complete, without 
IWfidiicing either light or sound. Its intensity from a very }X)wer- 
ful battery is greater than that of any heat that can be obtained 
bv artificial means, so that it fuses sulisbinces which resist 
the action of the most powerful furnaces. The tem})eratiirc 
of every part of a Voltaic battery itself is raised during its 
activity. With the greater number of metals Mr. Grove 
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found that the poi^tive terminal or pole is hot^r than the 
negative. 

. According to Mr. Joule, the quantity of heat generated < 
unit of time is proportional to the strength of the cirreiit, and> 
when a galvanic current is employed in chemical analysis, the 
heat in the entire circuit generated in a unit of time is equal to 
the work expended in producing it, minus that employed in the 
analysis. In fact, a current of electneity OdUnot pass through'a 
homogeneous conductor without generating heat in overcoming ^ 
resistance, an effect proved by Mr. Joule to be proportional to 
the square of the force of the current, and the same in whatever 
direction the current may be flowing. Any other thermal action 
that can take place must depend ujon the heterogeneousness of 
the circuit, and must l)e reversible with the cumnt. For ex- 
ample, if a semicircle of bismuth be joined to a semicircle of anti- 
mony, an electric current in passing through it produces cold 
where it passes from the bismuth to the antimony by absorption, 
and heat where it passes from the antimony to the bismuth. 

The transit of the electricity from pole to pole is acoom^mniedi:: 
by light, and in consequence of the continuous current spaflrka 
occur every time the contact of the wires is either broken or re- 
newed; but considerable intensity is •requisite to enable the 
electricity to force its way through atmospheric air or gas. Both 
its length and colour are affected by the density of the medium 
through which it passes. If the medium be gradually rarefied 
the discharge increases from a spark to a luminous glow, differ- 
ing in colour in diflerent gases, but white in air. When very 
much attenuated a discharge may be made to pass across 6 or 7 
feet of space, while in air of the ordinary density it will not pass 
through an inch. In rarefied gas it resembles the Aurora by its 
continuous flashes. When the battery is powerful the luminous 
effects are very brilliant.. 

The most sjAendid artificial light known is produced by 
fixing pencils of charcoal at the extremities of the wires, and 
bringing them into conUct. Tliis light is the more remark- 
able as it is independent of combustion, since the char- 
coal suffers no apimrent change, and, likewise, because it is 
equally vivid in such gases as do not contain oxygen. It 
depends Upon the molecular arrangement of the charcoal; "for 
Mr. Grove observes that carbon in a transparent crystalline 
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s^tc, as is a non-conductor as we know, while 

in an opaque ainorphotii:|^te, as graphite dr charcoal, it is one 
of^e best inductors ; thus in one state it transmits l^ht and 
stops elect«ity, in the otncr it transmits electricity and stops 
light. It » a circumstance worthy of remark, tliat the arrango- 
nieiit of molecules which renders a solid body capable of trails- 
inittiug light is most unfavourable tb the transmission of elec- 
tricity, transtmrcnt solids being very imperfect conductors of 
electricity ; so all gases reotlily transmit light, but are amongst 
the ^vorst conductors of ehictricity, if indeed they can l)C said to 
conduct it at all. The fact that the molecular structure or 
arrangement of a body influences, indeed 1 may say determines, 
its conducting power, is by no means explained by the theory of 
a fluid ; but if electricity be only a transmission of force or 
motion, the influence of the molecular state is just wliat would 
be exfiected.” 

Professor Wheatstone, by fixing mctillic points at the extremi- 
ties of the wires or |X)le8, has found that the appearance of the 
spectnim of the voltaic arc or vivid flame that is, seen between 
the ferminals of a battery, d(;|K)n(ls, as in static electricity, upon 
the metal from whence it is taken. Tlie sjKJCtriim of tliat from 
mercury consists of seven definite rays, separated from each other 
by dark intervals ; these visible rays are two orange lines dost* 
together, a. bright green line, two blucish-green lines near each 
other, a very bright puqde line, and, lastly, a blue line. It is 
the same when it passes through carbonic acid gas, oxygen gas’, 
air, or vacuum. The light from zinc, cadmium, tin, bismuth, 
and lead, i^a melted state, gives similar results ; but the nimilvr, 
|)OsitioD, and colour of the lines vary so much in each case, and the 
appearances aii* so diil'ereiit, that the metals may easily be distin- 
guished from one auoth<.*r by this mode of investigation. The 
electric spark is amsidered by M. Angstrom to be the overlapping 
of two spectra, one of which belongs to the metal, and the other 
to the gas through which the spark passes, and that the bright 
lines vary with the gas as well as with the metal. In an oxygen 
spectrum the greatest number of bright lines occur ift'the blue 
and violet, in nitrogen in the green and yellow, and in hydrogen 
in the red. These effects must necessarily be connected with 
the chemical and thermal properties of the gases. 

Mr. Grove considers that the colour of the voltaic arc, orflame, 
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uhich appeals between the poles of a very po\^rful bafteiy, 
depends upon the substance of the metal from whence it proceeds 
and on the medium through which it passes. The s^iaik i|pm 
zinc H blue, trom silver it is green, from iron it is and scin* 
tillating — pieciselj the colours afiorded by these metals in their 
01 dinar} conibubtion. But the colour vanes also with the 
medium tluoiuh which the light p<\sses, for when the medium is 
changed a change takcb phce in tlie coloui, showing an affection 
of the inU*i\eniiig matter. A portion of the metal terminals or 
I)oles» IS actuilh transmitteil with ever} electrical or Voltaic dis- 
chaige, whenu Mr (jriove coiidiules that the electrical di'ncharge 
arises at least m ] art, fiom an actual lepnlsion and severance „Qf 
the eketntud nutter itself, which flics oil at the points 
rebistauce He ohseivis that the phenomena attending mi 
elcctnc spaik or A oltaic aic tends to inodif\ considerably 
previous idt i ot the natuie ol the elect nc force its a producer of 
Ignition and combustion 'lhe\oltaK arc is fxihaps, stnctly 
speaking, neither uiiition noi combustion It is not simply 
Ignition , lx cjiust the matt 4 r ot the terminals is not incieh 
brought to a state ot inouuUsunct, but is ph} 8 icallv Sepa- 
rated, and paitiallv tiaiiskrrc<l Ironi one terminal to anothei, 
much ot It l)Cing riissipatcd in a.va|K)ious state. It is not com- 
bustion , toi the ])lienoinena will take place mdeiiendehlly of 
atmosphenc air, « wgen gas, oi inv of tlie bodies usuall} called 
supiioiteis ot coinlTusnon , combustion l»eing in fact chemical 
union attendtd with In at and li^it In the Voltaic aic we mnv 
have no chcmicil union, for it the experiment be performed in an 
exhausted leceiver, or m nitio.ni, the substance forming the 
terminds is rondtnscd and ]»ncipitateil u])on the Ulterior of the 
v(«<sel, 111, chemically sjieaking, m uiultercd state. Thus, to 
take a verv striking examjik, it the Voltaic discharge bo taken 
between 7 inc krminals m an exhausted receiver, a fine black 
powder ot /me is dci^isitcd on tin sides ot the rccfivei , tins can 
be collected, and takes fiie rcahly in air by bung touched with 
a match, or ignited wire, instantly burning into white *oxidc of 
zinc To an oidinary observ or tlie /me would appear to be burned 
twice — first in the receiver, where the plienomcnon presents all 
the apparance of combustion, and, secondly, in the real combus- 
tion m air. With iron thecxiicriment is equally instructive. Iron 
is volatili/ed b> the Voltaic arc in nitrogen, or in an exhausted 
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receiver,* api when a scarcbly perceptible film lias lined the 
receiver, if it bo washed with an acid, it then gives, with 
ferrocyani^ of potassium, the Prussian-blue precipitate. In this 
Ciise we r^ily distil iron, a metal by ordinary means fusible 
only at a very high temperature.** 

Aiiotlier strong evidence that the Voltaic discharge consists of 
the material itself of which the terminals are composed, is the 
peculiar rotation which is observed in the light when iron is 
employed, the magnetic character of this metal causing its parti- 
cles to rotate by the iniluencc of the Voltaic current. In short, 
Mr, Grove concludes that, although it would be hasty to assei't 
that the electrical disruptive discharge can in no case take place 
without the terminals being afiected, yet he had met with no 
ipstance of such a result, ]jrOvided the discharge had been suffi- 
ciently prolonged, and the, terminals in such a state as could be 
ex|)ecte<l to render manifest slight changes 1 ♦ 

Some years ago Mr, Grove discovered that the electrical dis- 
charge possesses certain phases or fits of an alternate chaiWer, 
forming rings of alternate oxidation and deovidation on metollic 
surfaces. ‘A highly polished silver plate i»i an air-jaimp wa.> 
connected with the i>olc of a |»owtrfnl inductive battery, while a 
fine metallic >n re, or even a common sewing needle, was fixed at 
the other jiole, and so arranged as to be perpendicular to the 
silver plate, and very near, hut not touching it. By means of 
tills apparatn** the electrical discharge could Ik* sent tlirough any 
kind of randied media. In some of the exix'rinients a series of 
concentric coloureil rings of oxide alternating with rings of 
IKilished or unoxidated silver were formed on the plate under the 
p)intof tin* ncwlle or wire. Wlieu the plate was previously 
coated with a film of oxide, the oxide w'as removed in concentric 
spaces by the discharge, and increased on the alternate ones, 
showing an alternate |)Ohitive and negative electricity, or elec- 
tricity of an opposite character in the 8.*vinu discharge. 

When the silver plate was polishetl the centre of the rings’ 
foiTucd on it was yellow*-green surrounded by hlue-giten ; then a 
ring of jiolished silver, followed by a crimson ring with a slight 
orange lint on the inner side mid deep purple on the outer ; 

* ‘Convlation of the Physical Forces, by W. II. drove, Es<i.,* one of the 

most i*emai‘kable and talented works that hto appeaunl, to which the author 
with pleasure acknowle<lges her obligations. 
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lastly the indication of a polished one. When the ac)>pump was 
filled with attenuated olefiant gas the rings were precisely the 
same with those seen in thin plates ; hence the effect » the same 
as that produced by the interfei*ence of light. In thfee experi- 
ments the luminous appearance extended from three quarters of 
an inch to an inch round the point of the needle or wire. 

When the silver plate was connected with the negative pole of 
the battery a polished point appeared upon it opposite the needle, 
surrounded by a dusky ill-defined areola of a brown colour tinged 
with purple when viewed in one direction, and greenish«»white 
when seen in another. 

In the present year Mr. Gassiot, Vice-President of the Royal 
Society, has showa that the stratified character f'i the electric 
discbai^e is remarkably developed* in the tor^f vacuftia- 
Among the various ex^xiriments made by t)v ^ ptleman two 
inay be selected as strongly illustrative of aW and singular 
property of electrical light. 

In a closed glass tube about an inch intefeSl diameter and 33 
inches long, in which a vacuum had beeri made, two platinum 
wires were hermetically sealed, 32 inches apart, and connected 
with the poles of an inductive batter}^: The luminous appear- 
ance at the two poles was very diflerent when electricity jxissed 
through the wires. A glow surrounded the negative polo, and in 
close approximation to the glow a well-defimed dark space appeared, 
while from the positive pole or wire t»he light proceeded in a 
stream ; but unless the charge he greut or the tube short, the 
stream will not extend to the black band, which is totally dif- 
ferent from the intervening space. ^ When discharges of elec- 
tricity were sent through this vacuum tube a txjries ef bands or 
stratifications were formed which were concave towards the posi- 
tive i)ole; and as in the changes in making and breaking 
circuit the electricity emanates fr^m the different terminals or 
wires, their concavities were in opposite directions. 

When instead of platinum wircs^arrovv tinfoil coatings were 
placed round the exterior of the gilass tube and connected with 
the wires of the battery, brilliant siVatifications filled the interior,, 
of the tube between the foil coating/s, but no dark band appeared^ 
At present Mr. Gassiot is inclined tK believe that the dark band is 
due to interference ; but that the st wifications arise from pulsa- 
tions or impulses of a force acting .Vii highly attenuated but 
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resisting medium, for even with the best air-pumps it is impossible 
to make a perfect void ; he is still occupied with experiments on 
this 40W subject, and no doubt will obtain very remarkable 
results, of jlhich none can be more extraordinary than his dis- 
covery of me powerful influence of the magnet on tliis electric 
light. The stratifications are formed in rapid succession in the 
tube with platinum wires and are turned diflerent ways, but they' 
can be separated at any part of the tube by the pole of a magnet 
round which the whole stratifications have a tendency to revolve. 
In the second experiment, where the tinfoil was used, the discharge 
was divided in two by the polp of a magnet, and the two parts had 
a tendency to rotate round the magnet in opposite directions. 

Voltaic electricity is a powerful agent in chemical analysis. 
When transmitted through conducting fluids, it separates them 
into their constituent parts, which it conveys in an invisible 
state through a considerable space or quantity of liquid to the 
poles, where they come into evidence. Numerous instances 
might be given, but the decomposition of water i? perhaps the 
most simple and elegant. Sup|)08c a glass tube filled with water, 
and* corked at both ends ; if one of the wires of an active Voltaic 
Imttery be made to pass through one cork, and tJie other through 
the other cork, into the water, so that the extremities of the two 
wires, shall be op] ositc and about a quarter of an inch asunder, 
chemical action will immediately take place, and gas will con- 
tinue to rise from the extremities of both wires till the water has 
vanished. If an electric simrk be then sent through the tube, 
the water will reappear. By arranging the experiment so as to 
have th (5 gas given out by each Avirc separately, it is found .that 
water consists of two volumes of hydrogen and one of oxygen. 
The hydrogen is given out at the positive wire of the battery, 
and tbe oxygen at the negative. The oxides are also decomposed ; 
the oxygen appears at the twsitive pole, and the metal at the 
negative. The decomposition of the alkalies and earths by Sir 
Humphry Davy formed a remarkable era in tbe histor\^ of science. 
Soda, |K)tass, lime, magnesia, and other substances heretofore 
^nsidered to be simple bodies incapable of decomposition, were 
resolved by electric agency into their constituent i)arts, and 
proved to be metallic oxides, by that illustrious philosopher. All 
chemical changes produced by electricity arc accomplished on 
the same principle ; and it appears that, in general, combustible 
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siibstanceB, metals, and alkalies go to the negative wire, while 
acids and oxygen are evolved at the positive. The transfer of 
these substances to the poles is not the least wonderful efiect of 
the Voltaic battery. Though the poles be at a consfterable dis- 
tance from one another, nay, even in separate vessera, if a com- 
munication be only established by a quantity of wet thread, as 
the decomposition proceeds the component parts pass through 
the thread in an invisible state, and arrange themselves at 
respective poles. According to Dr. Faraday, electro-chemiili 
decomposition is simply a case of the prcpon9crance of bnejK 
of chemical affinities more powerful in their nature over .gppff 
set which are less powerful. And in electro-chemical adltiqn of 
any kind produced by a continuous current, the amount of action 
in a given time is ncarfy, if not rigorously, proportional to the 
strength of the current. The great efficacy of Voltaic electricity 
in chemical decomposition arises not from its tension, but from 
the quantity set in motion and the continuance of its action. Its 
agency ap])cars to be most exerted on fluids and substances 
which by conve 3 ring the electricity partially and imperfectly 
inqiedc its progress. But it is “now proved to be as efficacious 
in the composition as in the decomiiosition or analysis of bodies. 

1 1 had been observed that, when metallic solutions are sub- 
jected to galvanic action, a de]X)sition of metal, sometimes in the 
form of minute crystals, takes jilace on the negative wire. By 
extending this principle, and employing a very feeble Voltaic 
action, M. Bccquerel has succeeded in forming crys’ials of agreat 
proportion of the mineral substances, precisely similar to those 
produced by nature. The electric state of metallic veins makes 
it |)ossible that many natural crystals may have taken their form 
from the action of electricity bringing their ultimate particles, 
when in solution, within the narrow sphere of molecular attrac- 
tion. Both light and inotioh favour crystallization. Crystals 
which form in different liquids are generally more abundant on 
the side of the jar exjiosed to the light ; and it is well known 
that still water, cooled below 32^, starts into crystals of ice the 
instant it is agitated. A feeble action is alone necessary, prO|^ 
vided it be continued for a sufficient time.* Crystals formed 
rapidly are generally imperfect and soft, and M. Becquerel found 
that even years of constant Voltaic action were necessary for the 



Sbot. XXIX. VOLTAIC CONDUCTION. 309 

crystallizatiofi of somo of the hard subBtances. If this law be 
general, how many ages may be required for the formation of a 
diamond 1 j 

The dep#ition of metal from a metallic solution by galvanic 
electricity has been most successfully applied to the arts of plating 
and gilding, as well as to the more delicate process of copying 
pedals and copper plates. Indeed, not medals only, but any 
.^bject of art or nature, may be coated with precipitated metal, 
provided it be first covered with the thinnest film of plumbago, 
which renders a"* non-conductor sufficiently conducting to receive* 
the metal. Photo-galvanic engraving depends upon this. Gelatine 
mixed with bichromate of potash, nitrate of silver, and iodide of 
lK)tassium, is spread over a plate of glass, and when dry a positive 
print is laid upon it with its face downwanls, which, when exposed 
to the sun, leaves its impression. When soaked in water the 
gelatine swells around all those parts where the light had fallen, 
thus forming an intaglio, a cast of which is taken in giitta-|Xircha, 
which is then coated with copper by the electro process, whence a 
copper plate in relief is obtained. 

Static electricity, on account of its high tension, ^tasses through 
water and other liquids as soon as it is formed, whatever the 
length of its course may be. Voltaic electricity, on the contrary, 
is weakened by the distance it has to traverse. Pure water is a 
very bad conductor ; but ice absolutely stops a current of Voltaic 
electricity altogether, whatever be the lower of the battery, 
although static or coinrion electricity has sufficient power to 
overcome its resistance. Dr. Faraday has discovered that this 
property is not peculiar to ice ; that, with a few exceptions, 
bodies which do not conduct electricity when solid acquire that 
property, and arc immediately decomiosed, when they become 
fluid, and, in general, that decomiosUion takes place as soon as 
the solution acquires the capacity of conduction, which has led 
him to suspect that the power of conduction may be only a con- 
sequence of dccomi)osition. 

Heat iucredscs the conducting ix)wer of some substances for 
Voltaio electricity, and of the ^ses for both kinds. Dr. Faraday 
has glven*a new proof of the connexion between heat and elec- 
tricity, by showing that, in general, when a solid, wliicb is not a 
metal, becomes fluid, it almost entirely loses its power of con* 
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ducting boat, while it acquires a capacity for conducting elec- 
tricity in a high degree. M. Becqueiel regcrds the production 
of heat and that of electricity to be concomitant ; ttf »ir dcpend- 
once being such, that when one is increased the other 'diminishes, 
and vice versd^ so that one may altogether disap^iear with the 
increase of the other. For instance, when electricity circulates 
in a metallic wire, the greater the heat produced, the less the 
quantity of electricity which ]>asses, and the contrary, so that 
the affair proceeds as if electricity were converted into heat, and 
heat into electricity. Again, in a closed galvanic circuit the 
sum of the heat produced in the chemical action of the acidulated 
water upon the zinc and in the conducting wire is constant* so 
that the quantity of heat disengaged in the reaction is greater in 
proportion as less electricity passes through the wire. These, 
and other circumstances, prove such an intimate connexion be- 
tween the production of heat and electricity, that in the change 
of condition of substances the electneal effects might disappear 
or be annulled by the calorific effects. 

llie galvanic current affects all the senses ; nothing can be 
more disagreeable than the shock, which may even be fatal if the 
battery be very powerful. A bright flash of light is perceived 
with the eyes shut, when one of the wires touclies the face, and 
the other the hand. By touching the ear with one wire, and 
holding the other, strange noises are heard ; and an acid taste is 
perceived when the positive wire is applied to the tip of the 
tongue, and the negative wire touches some other part of it. 
By reversing the poles the taste becomes alkaline. It renders 
the pale light of tlie glow-worm more intense. Dead animals 
are roused by it, as if they started again into life, and it may 
ultimately prove to be the cause of muscular action in the 
living. 

Several fish possess the faculty of producing electrical effeotB. 
The. most remarkable are the gymnotus elcctrious, found in South 
America; and the tor^jedo, a genus of ray, frequent in the 
Mediterranean. The electrical action of the torj^o depends 
upon an apparatus apparently analogous to the Voltaic 
which the animal has the i)ower of charging at will, oo^Tsisting of 
membranous columns filled throughout with laminie, sepBiated 
from one another by a fluid. The absolute quAitity of electricity . 
brought into circulation by the torpedo is so great, that it effects 
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the decompcAition of water, has power suiScient to make magnets, 
gives very severe shocks and the electric spark. It is identical 
in kind wim that of the galvanic battery, the electricity of the 
under snrffu^ of the fish being the same with the ne<jative pole, 
and that in the upper surface the same with the positive pole. 
Its manner of action is, however, somewhat different; for, 
although the evolution of the electricity is continued for a sen^ 
siblc time, it is interrupted, being communicated by a succession 
of discharges. 
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SECTION XXX. 

Disooveiy of Electro-magnetism — Deflection of the Magnetic Needle by a 
Current of Electricity — Direction of the Force — Rotatory Motion by 
Electricity — Rotation of a Wire and a Magnet — Rotation of a Magn^ 
about its Axis — Of Mercui7 and Water — Electi'O-Magnetic Cylinder 
or Helix — Suspension of a Neciile in a Helix — Electro-Magnetic Induc- 
tion — Tetoporary Magnets — The Galvanometer. 

The disturbing feffects oT the aurora and lightning on the mariner’s 
compass had been long known. the year 1819 M. Ocrstecl, 
Pr&fessor <5f Natural Philosophy at Copenhagen, discovered that 
a current of Voltaic electricity exerts a jiowerful influena'. on a 
magnetized needle. This observation has given rise to the theory 
of electro-magnetisra—^one of the most interesting sciences of 
modem times, whether it Ik? considertKl as loading us a step farther 
in generalization, by identifying two agencies hitherto referred to 
different causes, or as developing a new force, unparalleled In the 
system of the world, which, overcx)ining; the retardatidn from 
friction, and the obstacle of a resisting medium, maintains a 
perpetual motion, as long as the action of a Voltaic battery is 
continued. 

When the two poles of a Voltaic battery are connected by a 
metallic wire, so as to complete a circuit, the electricity flows 
wktliout ceasing. If a straight portion of that wire be placed 
parallel to, and horizontally above, a magnetized needle at rest in 
the magnetic meridian, but freely poised like the mariner’s com- 
pass, the action of the electric current flowing through th^wlra 
will instantly cause the needle to change its position. It« 
extremity will deviate from the north towards the east or west, 
according to the direction in which the current Is flowing ; and, 
on reversing the direction of the current, the motion of the needle 
will be reversed also. The numerous experiments that have been 
made on magnetism and electricity, as well as those on the 
various relative motions of a magnetic needle under the influence 
of galvanic electridty, arising frotai all possible positions of the 
conducting wire, and every direcUon of the Voltaic current, 

togethef with iill tho otiier pbenomena of elec&o>Duigu6tiBin, m 
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explained by Dr. Boget in some excellent articles on these sub- 
jects in th?, Library of Usefhl Knowledge. 

All exprriments tend to prove that the force enoanating fVom 
the electrhi current, which produces such effects on the magnetic 
needle, acts at right angles to the current. The action of an 
electrical current upon either ix)le of a magnet has no tendency 
to cause the ix>le to approach or recede, but to rotate about it. If 
the* stream of electricity be sup^KJsed to pass through the centre of 
a circle whose plane is ijerpendicular to the current, the direction of 
the force exerted by the electricity will always be in the tangent to 
the citcle, or at right angles to its radius (N. 223). Consequently, 
the ‘tangential force of the electricity has a tendency to make the 
ixde of a magnet move in a circle round the wire of the battery. 

Rotatory motion was suggested by Dr. Wollaston. Dr. Fara- 
day was the first who actually succeeded in making the pole of a 
magnet rotate about a vertical conducting wire. In order to 
limit the action of the electricity to one ix>le, about two-thirds of 
a small magnet were immersed in mercury, the lower end being 
fastened by.u thread to the bottom of the vessel containing the 
mercury. |*hcn the luagnet was thus floating almost vertically 
with its nort^ polo above the surhice, a current of positive elec- 
tricity w\aj!porfadc to descend ix^rpcndicularly through a wire 
touchingii^J'meicuiy, and immediately the magnet began to 
rotate frorrTleft to right alx)ut the wire. The force being uni- 
form, the rotation was accelerated till the tangential force was 
balanced by the resistance of the mercury, when it l>ccame coii- 
sUint. Under the same circumstances the south pole of the 
magnet rotates from right to left. It is evident, from this ex- 
periment, tliat the. wire may also Ix) made to pt^rform a rotation 
round the magnet, since the action of the current of electricity 
on the )K)le of the magnet must necessarily lie accompanied by a 
corresiKinding reaction of the iiolc of the magnet on the electricity 
in the wire. This exi^riment has l)cen accomplished by a vast 
number of contrivances, and even a small battery, consisting of 
two plates, has performed the rotation. Dr. Faraday produced 
lx>th motions at the same time in a vessel containing ihercury ; 
the wire and the magnet revolved. in one direction about a 
common centre’ of motion, each following the other. 

The next step was to make a magnet, and also a cylinder, re- 
volve about their own axes, which they do with great rapiditjr. 

r 
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Mercury has been made to rotate by means of Voltaic electricity, 
and Professor Ritchie exhibited in the Royal Institution the sin- 
gular spectacle of the rotation of water by the same moans, while 
the vessel containing it remained stationary. The w^^er was in 
a hollow double cylinder of glass, and, on being made the con- 
ductor of electricity, was observed to revolve in a regular vortex, 
changing its direction as the poles of the battery were alternately 
reversed. Professor Ritchie found that all the different con- 
ductors hitherto tried by him, such as water, charcoal, &c., give 
the same electro- magnetic results when transmitting the same 
quantity of electricity, and that they deflect the magnetic needle 
in an equal degree when their res{)ective Jixes of conduction arc 
at the same distance from it. Rut one of the most extraordinary 
effects of this force is exhibited by coiling a copper wire, so as 
to form a helix or corkscrew, and connecting the extremities of 
the wire with the poles of a galvanic batteiy. If a magnetized 
steel bar or needle be placed within the screw, so as to rest upon 
the lower part, the instant a current of electricity is sent through 
the wire of the helix, the steel l)ar starts up by th* Smfluence of 
this invisible power, and remains susjwnded in thetQir in opix>si- 
'tion to the force of gravitation (N. 224). ^ The,* effect of the 
electro-magnetic power exertc<l by each turn of wire is to 
urge the north i)ole of tlie magnet in one direction, .wai*the south 
ix)le in the other. The force thus exerted is multipliea iu degree 
and increased in extent by each repetition of the turns of the 
wire, and in consequence of these opposing forces the bar re- 
mains suspended. This helix has all the properties of a magnet 
while the electrical current is flowing through it, and may be 
substituted for one in almost every cxixjrinicnt. It acts as if it 
had a north pole at one extremity and a south pole at the other, 
and is attracted and repelled by the poles of a magnet exactly as 
if it were one itself. All these rc^^iilts depend upon the course of 
the electricity ; that is, on the direction of the turns of the screw, 
according as it is from right to left, or from left to right, being 
contrary in the two cases. 

. The abtion of Voltaic electricity on a magnet is not only pre- 
cisely the same with the action of two magnets on one another, 
but its influence in producing temporary magnetism in iron and 
steel is also the same with magnetic induction. The term in- 
duction, when applied to cl(x)tric currents, expresses the power 
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which these currents possess of inducing a particular state upon 
matter in Jheir immediate neighbourhood, otherwise neutral or 
indifferent. For example, the connecting wire of a galvanic 
l>attery iron filings suspended like a magnet as long as the 

current continues to flow through it ; the iron becomes magnetic 
by the induction of the current. The most powerful temporary 
magnets are obtained by bcjnding a thick cylinder of soft iron into 
the form of a horseshoe, and surrounding it with a coil of thick 
copper wire covered with silk to prevent communication hctwceii 
its coils. When this wire forms e H of a galvanic circuit 
the iron Ixjcomes so highly magie/tic by the induction of 
the current flowing through the wire tliat a temporary magnet, 
of this kind made by Professor Henry of the Albany Academy 
in the United States sustained a weight of nearly a ton. Another 
l)y Mr. Gage has .been api»lied with considerable success as a 
moving ]X)wer : its s{nirk is a bright flasli, and the snap as lo\id as 
a pistol. But tliQ most tx)wcrful known is that omplo 3 "ed b.y Mr. 
Joule in Ijis experiments, wliich sustains a woiglit of 2080 lbs. The 
iron loses its magnetism the instant the electricity ceases to flow, and 
acquires it again \\s instantaneously when the circuit is rene\ved. 

The action of an electric current causes a deviation of the 
cornyuiss from the plane of the magnetic meridian. In ])rof)ortioii 
as the needle recedes from the meridian, the intensity of the force 
of terrestrial magnetism increases, while at the S4inie time tlie 
electro-magnetic force diminishes ; the number of degrees at 
which the nee<Uo stops, showing where the equilibrium betw-ceu 
these two forces takes pUwe, will indicate the intensity^ of the 
galvanic current. . Tlic galvanometer, constructed ujwi this prin- 
ciple, is employed to measure tlic inteasity of galvanic cuiTenU 
collected and conveyed to i t by w'ires. Tliis instrument is rendered 
much more sensible by neutralizing the efiects of the earth’s mag- 
netism on the iietHlle, which is accomplislied by placing a second 
magnetised needle so as to counteract the action of the earth on the 
first — ^a precaution requisite in all delicate magnetical experiments. 

It has been ascertained by means of this instrument that the 
action of an eliHjtrical current u]X)n a magnet is inversely as 
the square of the distance, and the energy wdth which an electro 
magnet acts is directly as the power of the galvanic battery and 
the number of coils round the core, and inversely as the resist- 
ance of the wire. 

p 2 
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Electro-Dynamics — Reciprocal Action of Electric Currents — Identity of 
Electix)-l)ynamic Cylindei*s and Magnets — Differences between the Action 
of Voltaic Electricity and Electricity of Tension — Effects of a Voltaic 
Current — • Ampfere’s Theory — Dr. Faraday’s Experiment of Electrifying 
and Magnetising a Ray of Light. 

The science of electro-magnetism, which must render the name 
of M. Oersted ever mehiorahle, relates to the reciprocal action of 
electrical and magnetic currents : M, Ampere, by discovering the 
mutual action of electrical currents on one another, has added a 
new branch to tlie subject, to which lie has given the name of 
electro-dynamics. 

When electric currents arc passing through two conducting 
wires, so suspended or supported as to be capable of moving both 
towards and from one another, they show mutual attraction or 
repulsion, according as the currents are flowing in the same or in 
contrary directions ; the phenomena varying with the relative 
inclinations and positions of the streams of electricity. The 
mutual action of such currents, whether they flow in the’ same or 
in contrary directions, whether they be parallel, perpendicular, 
diverging, converging, circular, or heliacal, all produce different 
kinds of motion in a conducting wire, both rectilineal and circu- 
lar, and also the rotation of a wire helix, such as that described, 
now called an electro-dynamic cylinder on account of some im- 
provements in its construction (N. 225). And, as the hypothesis 
of a force varying inversely as the square of the distance accords 
perfectly with all the observed phenomena, these motions come 
under the same laws of dynamics and analysis as any other 
branch of physics. 

Electro-dynamic cylinders act on each other precisely as if 
they were magnets during .the time the electricity is flowing 
through them. All the experiments that can be performed w.ith 
the cylinder might be accomplished with a magnet. That end of 
the cylinder in which the current of positive electricity is moving 
in a direction similar to the motion of the hands of a watch, acts 
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as the soiitlf pole of a magnet, and the other end, in which the 
current iS|flowing in a contrary direction, exhibits northern 
l)olarity. * * 

The phenomena mart a very decided difference lictwcen the 
action of ^ectricity in motion or at rest, that is, between Voltaic 
and static electricity ; the laws they follow arc in many respects 
of an entirely different nature, though the electricities themselves 
are identical. Since Voltaic electricity flows perpetually, it 
cannot be accumulato<l, and consequently has no tension, or 
tendency to escape from the wires which conduct it. Kor do 
these wires either attract or repel light bodies ih their vicinity, 
whereas static or ordinary electricity can be accuiniilated in insu- 
lated bodies to a great degree, and in that state of rest the 
tendency to escape is proportional to the quantity accumulated 
and the resistance it meets with. In ordinary electricity, the 
law of action is, that dissimilar electricities attract and similar 
electricities repel one another. In Voltaic electricity, on the 
contrary, similar cun'cnts, or such as are moving in the same 
direction, attract one another, while a mutual repulsion is exerted 
between dissimilar currents, or such as flow in opposite directions. 
Common electricity escapes when the pressure of the atmosphere 
is removed, but llie electro-dynamical effects are the same whether 
the conductors be in air or in vacuo. 

The effects produced by a current of electricity depend upon 
the celerity of its motion through a conducting wim. Yet we 
are ignorant whether the motion be uniform or varied, but the 
method of transmission has a marked influence on the results ; 
for, when.it flows without intermission, it occasions a deviation 
in the magnetic needle, but it has no eflcct whatever when its 
motion is discontinuous or interrupted, like the current inoduced 
by the common electrical machine when a communication is 
made between the positive and negative conductors. 

M. Ampere lias established a theory of electro-magnetism 
suggested by the analogy l>etwcen electro-dynamic cylinders and 
inagnets, founded iqion the recii>rocal attraction of electro-cur- 
rents, to which he reduces all the plienomena of magnetism and 
electro-magnetism, by assuming that the magnetic iiroiiertiea 
which bodies possess derive these properties from currents of 
electricity, circulating about every jiart in one nnifonn direction. 
Although every particle of a magnet jiossesses like properties 
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with the whole, yet the general effect is the same as Cf the mag- 
netic properties were confined to the surface. Corsequently, 
Ampere concludes that the internal electro-currents ctfust com- 
pensate one another, and that the magnetism of a body must 
therefore arise from a superficial current of electricity constantly 
circulating in a direction perpendicular to the axis of the magnet ; 
so that the reciprocal action of magnets and all the phenomena 
of electro-magnetism are reduced to the action and reaction of 
superficial currents of electricity, acting at right angles to their 
direction. 

Notwithstanding the exiieriments made by Ampere to elucidate 
the subject, tliere *is still an uncertainty in the theory of the 
induction of magnetism by an electric current in a lx)dy near it. 
It does not appear whether electric currents which did not 
previously exist are actually produced by induction, or if its 
ciflect be only to give one uniform direction to the infinite num- 
ber of electric currents previously existing in the particles of the 
body, and thus rendering them capable of exhibiting magnetic 
])hcnoniena, in the same manner as polarization reduces the 
undulations of light to one plane, which had previously been 
performed in every plane. Possibly both may be combined in 
producing the effect ; for tlie action of the electric current may 
not only give a common direction to those already existing, but 
may also increase tlicir intensity. However that may be, by 
assuming that the attractions and repulsions of the elementary 
portions of electric currents vary inversely as the square of the 
distance, the actions being at right angles to the direction of the 
current, it is found that the attraction and repulsion of a current 
of indefinite length on the elementary jwrtion of a parallel curtfent 
at any distance from it are in the simple ratio of the shortest 
distance between them : consequently, the reciprocal action of 
electric currents is reduced to the comj)Osition and resolution of 
forces, so that the phenomena of electro-magnetism are brought 
under the laws of mechanics by the theory of Ampere. It 
appears that Dr. Faraday’s ver}^ remarkable experiment of elec- 
trifying and magnetising a> ray of ix)larized light may possibly 
afford a demonstration of the reality of Ampbre’s explanation of 
the ultimate nature of magnetism. 

In this experiment a copper wire 501 feet long was arranged 
in four concentric spirals, the extremities of which were connect 
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with the pSles of a powerful galvanic battery, and a pqMshed 
prism of h^vy glass, or silicated borate of lead, was pla^d4i the 
axis of the * spiral as a core, through the length or axis of which 
a ray of v^larized light was sent. This ray, viewed through a 
])ieceof toftrmalineora Nichol’s eye-piece, vanished and reappeared 
as usual at each quarter revolution of the eye-piece ; but when a 
current of electricity was sent through the spiral at the time the 
ray had vanished, it instantly reappeared, and remained as long as 
the electric current continued to flow; but the instant the electri- 
city ceased the light vanished, and as often as the electric current 
flowed through the spiral, or was interrupted, so often did the 
]X)larized ray appear and vanish. 

The character of the force thus impressed on the heavy glass 
is that df rotation, for the stopping and renewing of the electric 
current had the same effect as the revolving motion of the eye- 
piece in making the light alternately appear and vanish. Accoid- 
ingly, Dr. Faraday found that, when the electricity flowed 
through the s])iral in one direction, the rotation of the plane of 
poligization was right-handed; and when it flowed in the other 
direction, the rotation of the })lane of j)olarization was left-handed, 
the rotation increasing with the length of the prism and the 
intensity of the r^lectricity. The same phenomena were produced 
by a very powerfu^ magnet when a ray of polarized light was 
sent through the heavy glass parallel to the line of magnetic 
force. 

Heavy glass or silico-borate of lead has the prof»erty more than 
any other substance of making light rotate under electric and 
magnetic influence; but many substances have the ]>ropcrty 
radle or less, tus flint and crown glass, rock salt, all the flxed and 
essential oils, water, and many other liquids, but none of the 
gases possess it. lii those substances that have the power of 
circular polarization naturally, the magnetic and electric influences 
increase or diminish the rotation acedtding to its direction. 

Polarized heat is made to revolve in the same manner, when 
the medium through which 'it glasses is subject to magnetic 
influence. 

Mr. Grove observes tliat if light and heat be merely modes of 
force, which there is every reason to believe that they are, it 
may be fairly stated that in these experiments magnetism affects 
these forces directly ; for light and heat being, in that vie\Vy 
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ti^e* the forces which occasion thorn. If, however, this 
olfwjct of be a molecular change of the matter trans- 

m\U\ug the light and heat, then it follows that the light and heat 
are inditectly affected by the electricity or magnetilta. Dr, 
Faraday says that the magnetic forces do not act on the ray 
of light directly, without the * inter\ ention of matter, but 
through the mediation of the substance in which they and tlie 
ray have a simultaneous existence; the substances and the forces 
giving to and receiving from each other the power of acting on 
the light. Dr. Tliomson has shown, by a mathematical Investi- 
gation of the subject, that Dr. Faraday’s discover}’' seems to prove' 
the truth of Ampere’s explanation of the ultimate nature of 
magnetism. However, in Ampere’s theory, the current bf elec- 
tricity flowing round the iron makes it a permanent ^lagnet, but 
it does not make the heavy glass or the other Indies, which have 
the same property, cither temporary magnets wlien the liglit is 
rotating within them, or permanent magnets when the inductive 
action of the current of electricity ceases. Ilcnco the molecular 
condition of the substances, when tlie liglit is rotating in them, 
must be specifically distinct from that of magnetised iron : it 
must therefore he a new magnetic cejndition, and the force which 
the matter in this state i^osscsses m^ist be a new magnetic force. 

After describing his admirable cxperimen\ Dr. Faraday ob- 
serves that “ it has established for the first time a true, direct 
relation and deiicndenco between light and the magnetic and 
electric forces ; and thus a greAt addition is made to the facts 
and considerations which tend £o prove that all natural forces are 
tied together, and have one c^imon origin. It is no doubt diffi- 
cult, in the present state of 0ur knowledge, to expiess our expec- 
tations in exact terms ; and though I have said that another of 
the powers of nature is in the^ experiments directly related to the 
rest, I ought iierhaps rather to say that another form of the 
great jicwer is distinctly and directly related to the other forms ; 
or that the great power manifested by particular phenomena in 
])articular forms is here further hlentified and recognised by the 
direct relation of its form of light to its forms of electricity and 
magnetism. The relation existing between polarized light and 
magnetism and electricity is even more interesting than if it had 
been shown to exist with common light only. It cannot but 
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extend to common light ; and, as it belongs to light made in a 
certain res]j^ct more i)reciRe in its character and properties by 
)X>larizatio^, it collates and connects it with these ]K>wcrs in that 
duality of icharacter which they possess, and yields an opening, 
which before was wanting to ns, for theaj>i>liaiices of these to the 
investigation of the nature of this and other radiant agencies.” 
Thus Dr. Faraday’s ex|M*riment not only sho^^s the increasing 
connexion Ijctween the sciences, but the tendency of all the 
forces of nature to merge in one gre^at and universal ])ower. 

In the action of a magnet ujKm the stratifications of an elec- 
trical discharge Mr. (lassiot has discovered a new instance of the 
connexion between magnetism and light. 
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SECTION XXXIT. 

Magneto-Electricity — Volta-Electric Induction — Magneto-Electric Induc- 
tion — Identity in the Action of Electricity and Magnetism — Desciip- 
tion of a Magneto-Electric Apparatus and its Eilects ^ Identity of 
Magnetism and.Elcctricity — The Submarine Telegraph. 

From the law of action and reaction being equal and contrary, 
it might he expected that, as electricity powerfully affects 
ipagnets, so, conversely, magnetism ought to produce electrical 
phenomena. By proving this very important fact from the fol- 
lowing series of interesting and ingenious experiments. Dr. Fara- 
day has added another branch to the science which he haS named 
magneto-electricity. A great quantity of copi)er wire was coiled 
in the form of a helix round one half of a ring of soft iron, and 
connected with a galvanic battery ; while a similar helix* con- 
nected with a galvanometer was wound round the other half of the 
ri ng, but not touch i ng the fi rst hel ix. As soon as contactws made 
with the battery, the needle of the galvanometer was deflected. 
But the action was transitory ; for, when the contact was con- 
tinued, the needle returned to its usual position, and was not 
affected by .the continual flow of the electricity through the wire 
connected with the battery. As soon, however, as the contact 
Was broken, the needle of the galvanometer was again deflected, 
but in the contrary direction. Similar effects were produced by 
an apparatus consistipg of two helices of copper wire coiled 
round a block of wood, instead of iron, from which Dr. Faraday 
infers that the electric current passing from the battery through 
one wire induces a similar current through the other wire, but 
only at the instant of contact, and that a momentary current is 
induced in a contrary direction when the passage of the electricity 
is suddenly interrupted. These brief - currents or waves of elec- 
tricity were found to be capable of magnetising needles, of pass- 
ing through a small extent* of fluid, and, when charcoal points 
were interposed in the current of the induced helix, a minute 
spark was perceived as often as the contacts were made or 
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brokea, but neither chemical action nor any other electric effects 
were obtained. A deviation of the needle of the galvanometer 
took placefwhen common magnets were emjiloyed instead of the 
Voltaic current ; so that the magnetic and electric forces are' 
identical, their effects in this experiment. Again, when a 
helix forftied of 220 feet of copper wire* into which a cylinder of 
soft iron was introduced, was placed between the north and south 
poles of two bar magnets, and connected with the galvanometer 
by means of wires from each extremity, as often as the magnets 
were brought into contact with the iron cylinder it became mag- 
netic by induction, and produced a deflection in the needle df the 
galvanometer. On continuing the contact the needle resumed 
its natural position, and, when the contact was broken, deflection 
took place in the opposite direction ; when tlie magnetic contacts 
were reversed, the deflection was reversed also. With strong 
magnets, so jwwerful was the action, that the needle of the gal- 
vanometer whirled round several times successively ; and similar 
effects were produced by the mere approximation or removal of 
the helix to the [wles of the magnets. Thus it was proved that 
magnets produce the very same effects on the galvanometer that 
electricity does. 'Jliough at that time no chemical decomposi- 
tion was effeefed by these momentary currents which emanate 
from the magnets, they agitated the limbs of a frog ; and Dr, 
Faraday justly observes, that “an agent which is conducted 
along metallic wires in the manner described, which, whilst so 
passing, possesses the peculiar magnetic actions and force of a 
current of electricity, which can agitate and convulse the limbs 
of a frog, and which finally can produce a spark by its discharge 
through charcoal, can only be electricity.” Soon after he com- 
pletely estal>lished the identity of the two powers by producing 
the spark, heating metallic wires, and accomplishing chemical 
decomposition. Hence it apjKjars that electrical currents are 
evolved by magnfets, which produce the same phenomena with 
the electrical currents from the Voltaic battery : they, however, 
differ materially in this respect — that time is required for the 
exercise of the magnctico-electric induction, whereas Volta-elec- 
tric induction is instantaneous. 

Thus the effect of induction or the influence of the spiral wire 
in increasing the electric and magnetic power is very great 
indeed, and to that we are indebted *for the electric telegi*aph, for 
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Voltaic electricity alone is too feeble to overcome the resistance 
of a long wire. 

Electric currents, whatever their tension may be, p),pduce the 
I)henomena of induction ; these again induce other currents in bodies 
capable of induction, and so on indefinitely ; the first and second 
flow in the same direction, the others alternately opposite and 
direct. They all give the shock and can decompose water, but 
with Volta-electric currents the elevation of temperature as well 
as their physiological and magnetic effects are produced by in- 
stantaneous actions, which only depend upon the quantity and 
tension of the current, and by no means on its duration, for in- 
duced currents only exist for a moment when the circuit of the 
battery is broken. The most energetic physiological effects are 
produced by a small quantity of electricity moving with great 
velocity. The apparatus first employed by Dr. Faraday is in 
effect a battery, where the agent is th6 magnetic instead of 
the Voltaic force, or, in other words, electricity, and is thus 
constructed : — 

A very powerful horseshoe magnet, formed of twelve steel 
])lates in close approximation, is placed in a horizontal positign. 
An armature, consisting of a bar of the purest soft iron, has 
each of its ends bent at right angles, so that the faces of those 
ends may be brought directly opposite and close to the poles of 
the magnet when required. Ten copper wires— covered with 
silk, in order to insulate them — ^are wound round one half of the 
bar of soft iron, as a compound helix ; ten other wires, also insu- 
lated, are wound round the other half of the bar. The extremi- 
ties of the first set of wires are m metallic connexion with a 
circular disc, which dips into a cup of mercury, while the ends 
of the other ten wires in the opposite direction are soldered to a 
projecting screw-piece, which carries a slip of copi)cr with two 
opposite points. The steel magnet is stationary ; but when the 
armature, together with its appendages, is made to rotate verti- 
cally, the edge of the disc always remains immersed in the 
mercury, while the points of the copper slip alternately dip in it 
and rise above it. By the ordinary laws of induction, the arma- 
ture becomes a temporary magnet while its bant ends are oppo- 
site the poles of the steel magnet, and ceases to be magnetic when 
they are at right angles to them. It imparts its tem^wrary mag- 
netism to the helices which concentrate it ; and, while one set 
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conveys a current to the disc, the other set conducts the opposite 
current to^e copi.)er slip. As the edge of the revolving disc’ is 
always immersed in the mercury, one set of wires is constantly 
maintained in contact with it, and the circuit is only completed 
when a point of the copper slip dips in the mercury also ; hut 
the circufk is broken the moment that point rises above it. Thus, 
by the rotation of the armature, the circuit is alternately broken 
and renewed ; and as it is only at these ‘moments tliat electric 
action is manifested, a brilliant spark takes place every time the 
copper point leaves the surface of the mercury. Platinum wire 
is ignited, shocks smart enough to be disagreeable are given, and 
water is decomposed with astonishing rapidity, by the same 
means ; which proves, beyond a doubt, the identity of the mag* 
netic and electric agencies, and places Dr. Faraday, whose experi- 
ments established the principle, in the first rank of experimental 
philosophers. 

A magneto-electric machine has been recently constructed by 
Mr. Henley, of enormous power. It consists of two permanent 
magnets, from which the induction is obtained.; each of these is 
fortped of thirty horseshoe steel magnets, two fc*ct and a half 
long, and from four to five inches broad, and each is surrounded 
by a coil of wire six miles long, coated with silk to insulate the 
coils. A shock irom these wires would he instantaneous death. 
This apparatus will ultimately be employed to send a stream of 
electricity through long submarine and subterraneous wirds ; hut 
a Volta-electric machine has hitherto been useil, in which the 
electricity is genei’ated by a galvanic lottery instead of magnets. 

Induction, or the eflect of the 8|)iral wires in augmenting the 
jiower of VoUiiic electricity, is admirably illustrated, in the 
Atlantic tehig raph . 

Wires that are to convey electricity under ground, or through 
water, must be defended from injury and insulated to prevent 
the lateral escape of the electricity. Fbr that purjxise the cable 
that in laid at the bottom of the Atlantic, from near Valcntia in 
Ireland to Trinity Bay in Newfoundland, is formed of seven fine 
copper wires which convey the electricity, bound together by a 
coating of giitta percha, over which there are layers of cloth 
dipped in pitch, and then the whole is covered by steel wires 
twisted together in strands and twined round in long close spirals, 
forming a cord or cable pot more than an inch and a quarter in. 
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diameter, and 2100 miles long. The use of the gutta percha ia 
to 'insulate the wires ; the other coatings are merely foft protection. 

The Voltaic battery which generates the el6ctrici||V consists 
of 40 cells, the plates of which are alternately of zinc and 
)>latinized silver, each about nine inches square, the exciting fluid 
being dilute sulphuric acid. Although the force developed by 
this l)attory is so great that a piece of iron three inches long and 
three eighths of an inch in diameter placed in contact with the 
poles may be consumed in a few minutes, it is absolutely inca- 
pable of sending a current of electricity through wires 2500 miles 
long, on account of their resistance, without the aid of Dr. Fara- 
day’s inductive action. It is only the primaiy agent for inducing 
a current of sufficient strength. 

To accomplish that, many thousand yards of fine copper wire 
coated with silk arc wound round a hollow soft iron cylinder; the 
whole is then coated by gutta percha, and the end of the wire is 
joined to the wires in the cable so as to form a continuous line 
from Valcntia to Newfoundland. A second copper wire, shorter 
but thicker than the preceding, and also insulated by a coating of 
silk, is wound round the cylinder alx)ve the gutta percha : when 
the ends of this thick wire are brought into contact with the 
poles of the battery, currents of electricity flow through it, 
between pole and pole, and in their passage tem|K)rarily convert 
the hollow iron cylinder mto & powerful elcctro-magnct, which 
by its reaction induces a current of electricity in the fine wire of 
sufficient power to cross the Atlantic. Tlie efficiency of the 
electric telegraph depends .upon the power we possess of brt^aking 
and renewing the current at pleasure, since by that means dis- 
tinct and sircccssive signals arc made from station to station. 
In the Atlantic cable ]X)sitive and negative electricity are trans- 
mitted alternately ; the electricity is sent to America from alter- 
nate poles, and the current returns again through the water, 
which completes the circuit. 

The passage of electricity through a cable or telegraphic wire 
in air is sensibly instantaneous ; that through a cable, whether 
extended in water or under ground, requires time on account 
of lateral induction through the gutta percha ; for the electricity, 
in passing through the wires, induces the opposite electricity on 
the surface of the water or moist earth in contact with the cable, 
and in that res|)ect it is precisely like a Leyden jar, the gutta 
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percha representing the glass. As the power of induction is pro- 
portional M the tension of the electricity, and as the tension is 
Gontinuallf diminished by the resistance of the wires, the induc- 
tion is continually diminished and requires a longer time. Elec- 
tricity took two seconds to pass through a cable 768 miles long, 
laid undkr ground from London to Manchester, and back again 
twice ; while in air it was all but instantaneous, because the induc- 
tive capacity of air is very much less than that of water or moist 
earth. In the experiment with the cable under ground it took two- 
thirds of a second to overcome the resistance of the wires, and 
then the velocity of the electricity was 1000 miles in a second, 
and it was the same whatever the intensity of the electricity. 

It has already been mentioned that the efficiency of the electric 
telegraph depends upon the breaking and renewing the current 
of electricity by means of which a succession of waves of elec- 
tricity are sent through the conducting wires. Now it has been 
ascertained that three electric waves may travel simultaneously 
through the wires of the Atlantic telegraph with sufficient inter- 
vals between them to record the indications they are intended to 
convey ; that is, three signals can be intelligibly and practically 
transmitted in two seconds. 

The original design, structure, and difficulty of depositing the 
cable are only (.quailed by the talent and perseverance with 
which it has been done. The 5th of August, 1858, will be 
memorable for the accomplishment of the boldest enterprise that 
ever was undertaken by man, and which is only the beginning 
of a vast submarine communication that will ultimately encircle 
the globe. It has been granted to British genius thus to annihi- 
late time and space, in order to connect all mankind into one 
great family for their moral and religious advancement ; and, 
whatever may be the fate of the British Islands in the course of 
ages, to their energetic race the glory will remain of having 
been the chief instruments in the hands of Providence for the 
civilization of the world — a civilization which will extend wdth 
the development of their nuinerons colonies into great inde- 
pendent Christian states, like those of the Union in North 
America. The thunderbolt snatched from heaven by Franklin 
now passes through the depths of the Atlantic as* a messenger of 
peace between the kindred nations.* 

* “ Eripuit fiilmen CcpIo, scoptruinque tyrannis,” is the inscription oh a 
medal struck in honour of Franklin. 
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In telegraphs on land the intensity of the battery or magnets 
is increased by induction on the same principle. It is Vy intensity 
that the electric current is enabled to pass through th^wires, and 
tliat is augmented by increasing the number of coils round tlie 
cylinder: however, it is only advantageous when the distance 
l)etween the stations is great, for then the resistance iii^he addi- 
tional coils l)ears a small proportion to the resistance ofl'ered by 
very long wires,- hut a very great pro|X)rtion to tliat opposed in 
very short ones. The nice adjustment for each case has l>een 
determined by 'the experiments of eminent electricians, and all 
the arrangements liave been hrouglit to great jierfection in this 
wonderful triumph of science, which is dUe to Volta, who called 
into existence the fiery fitream, and to Faraday, who has given it 
tlie energy of the lightning. 

When the length of tlie wire in the helices of an electro-magnet 
is very great, it offers increasing resistance to the passage of the 
electricity, so that the cessation of magnetism is not instantaneous 
when the contact with the Voltaic battery is broken. To remedy 
that defect an instrument has been invented which instanta- 
neously deprives the apimratus of the reiiiaining electricity, „A 
great. length of fine wire gives the severest shocks, while a shorter 
and tliickor wire gives the longest sparks and ignites the greatest 
qii.aiitity of platinum wire. 

Jiulimkorff’s electro-inductive apjwatiis has either been im- 
proved, or new machines constructed, hy Messrs. Grove, Gassiot, 
and Joule, of intense energy. Indeed, so great is the energy of 
electro-iriductioii, that holies were entertained of its superseding 
steam as a motive power. For the current of electricity from an 
electro-magnet can he made to flow in opposite directions, so as 
to produce alternate attrtictions and repulsions, and consequently 
a continued motion, which might lx; aiiplied as a motive force 
to machinery. However, Mr. Joule has proved that the j)ower 
developed by one pound of coal in comhiistioii is to that produced 
by one ixiund of zinc consumed in Mr. Grove’s powerful electror 
magnetic apparatus as nine tobne, so that, even* if zinc were as 
cheap as coal, and a Voltaic battery as easily kept in order as an 
engine-furnace, electricity will not sui^rscde steam as a motive 
power. 

A current of electricity traversing a conductor gives out a 
quantity of heat determined by fixed laws, the amount of which 
is invariable as long as the machine to which it is applied remains 
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at rest; bi^tbe instant the machine is set in motion a reaction 
takes placepn the intensity of the current, causing a diminution 
in the quantity of heat, because the heat that disappears is con- 
verted into the mechanical force exerted by the engine. 

Mr. experiments prove that, whenever a current of 

electricity is generated by a magneto-electric machine, the quan- 
tity of heat evolved by that current has a constant relation to the 
|)ower required to work the machine ; and on the other hand, 
whenever an engine is worked by a Voltaic battery, that the 
l)ower developed is at the expense of the calorific force of the 
battery for a given consumption of zinc, the meclianical effect 
l^roduced having a fixed relation to the heat lost in the Voltaic 
current. The obvious conclusion Mr. Joule draws from these 
exj)eriments is, that heat and mechanical power are convertible 
into one another, and it becomes evident, therefore, that heat is 
either the via viva or living force of x>o^tlerable particles, or a 
state of attraction and repulsion capable of generating vis viva- 
(N. 222). 
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Electricity produced by Rotation — Dilution of the CuiTeute — Electricity 
from the Itotation of a Magnet — M. Arago*s Experiment explained — 
Rotation of a Plate of Iron between the Poles of a Magnet — lielation of 
Substance to Magnets of three Kinds — Thermo-Electricity. 

M. Arago discovered a source of magnetism in rotatory motion. 
If a circular plate of copper he made to revolve immediately 
above or below a magnetic needle or magnet, suspended in such 
a manner that it may rotate in a plane parallel to that of 
the copi)er plate, tlic magnet tends to follow the circumvolu- 
tion of the plate; or, -if the magnet revolves, the plate tends to 
follow its motion ; so powerful is the eflect, that magnets and 
plates of many pounds weight have been carried round. This is 
(luite independent of the motion of the air, since it is the same 
when a pane of glass is inlcr])osed between the magnet and the 
copper. When the magnet and the plate are at rest, not the 
smallest eflect, attractive, repulsive, or of any kind, can be per- 
ceived between them. In descrihing this phenomenon, Mw Arago 
slates that it takes place not only with metals, but with all sub- 
stances, solids, liquids, and even gases, although tluj intensity 
depends upon the kind of substance in motion. Experiments 
made by Dr. Faraday explain this singular action. He found 
that, if a piece of metal or a metallic wire forming a circuit of any 
form be moved from right to left across the lines of force pro- 
ccicding from the pole of a bar magnet, these lines of force induce 
a current 6f electricity flowing in one direction ; and when the 
motion of the metal or wire is reversed, the direction of the 
current is reversed also : tlie rotation of the magnet about its axis 
has no effect bn these results, £^hd no current is induced when the 
metal or wire is at rest. A plate of copper, twelve inches in 
diameter and one fifth of an inch Uiick, was placed between the 
poles of a powerful horseshoe magnet, consequently crossing the 
magnetic lines of force at right angles, and connected at certain 
jjoints with a galvanometer by copper wires. When the plate 
was at rest no effect was produced ; but as soon as the plate was 
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made to rej’olve rapidly the galvanometer needle was deflected 
. sometimes js much as 90°, and by a uniform rotation the deflec- 
tion was constantly maintained at 45°. When the motion of the 
copper plate was reversed, the needle was deflected in the. con- 
trary dirceifon, and thus a permanent current of electricity was 
evolved by an ordinary magnet. The intensity of the electricity 
collected by the wires, and conveyed by them to the galvanometer, 
varied with the, position of the plate relatively to the poles of the 
magnet. 

Tlie motion of the electricity in the copper plate may be con- 
ceived by considering that, merely by moving a single wire, like 
the spoke of a wheel, before a magnetic pole, a current of elec- 
tricity tends to flow through it from one end to the other. 
Hence, if a wheel be constructed of a great many such spokes, 
and revolved near the pole of a magnet in the manner of the 
copper disc, each radius or si)oke will tend to have a current pro- 
duced in.it as it passes the pole. Now, as the circular plate is 
nothing more than an infinite number of radii or spokes in con- 
tact, currents will flow in the direction of the radii if a 
cliannel he open for their return ; and, in a continuous plate, 
that channel is afforded by the lateral portions on each side of 
the particular radius close to the magnetic pole. This hypothesis 
is confirmed by observation ; for the currents of positive elec- 
tricity set from the centre to the circumference, and the negative 
from the circuml'crencc to the centre, and vke verm,, according to 
the position of the magnetic poles and the direction of rotation ; 
so that a collecting wire at the centre of the copper plate conveys 
positive electricity to the galvanometer in one case, and negative 
in another ; that collected by a conducting wire in contact with 
the circumference of the plate is always the opposite of the elec- 
tricity conveyed from the centre. . It is evident that, when the 
plate and magnet are both at rest, no effect takes place, since the 
electric currents which cause the deflection of the galvanometer 
.are only induced by motion acro^ the magnetic lines of force. 
When the plate is placed edgewise so as to. be parallel to these 
lines of force, no revolution of it with the most powerful magnet 
produces the slightest signs of a current at the galvanometer. 
The same phenomena may be produced by electro-magnets. The 
effects are similar when the magnet rotates and the plate remains 
at rest. When the magnet revolves uniformly about its own 
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axis, electricity of the same kind is collected at its po^s, and the 
opposite electricity at its equator. .. 

The phenomena which take place in M. Arago’s experiments 
may be explained on this principle. When both the copper 
plate and the magnet are revolving, tlie action of fi d induced 
electric current tends continually to diminish their relative 
motion, and to bring the moving bodies into a state of relative 
rest ; so that, if one be made to revolve by an extraneous force, 
the other will tend to revolve about it in the same direction, and 
with the same velocity. 

When a plate of iron, or of any substance capable of being 
made either a temporary or permanent magnet, revolves between 
the ix)les of a magnet, it is found that dissimilar poles on oppo- 
site sides of the plate neutralize each other’s eifects, so that no 
electricity is evolved ; while similar poles on each side^^ the 
revolving plate increase the quantity of electricity, and Psingle 
pole end-on is sufficient. But when copper, and substapccs not 
sensible to ordinary magnetic impressions, revolve, similar poles 
on opposite sides of the plate neutralize each other ; dissimilar 
poles on each side exalt the action ; and a single pole at the edge 
of the revolving plate, or end-on, does nothing. This forms a 
test for distinguishing the ordinary magnetic force from that pro- 
duced by rotation. If unlike poles, that is, a north and south 
jjole, produce more effect than one ix)le, the force will be due to 
electric currents ; if similar poles produce more effect than one, 
then the power is not electric. These investigations show that 
there are really very few bodies magnetic in the manner of iron. 
Dr. Faraday therefore arranges substances in three classes, with 
regard to their relation to magnets : — those affected by the mag- 
net when at rest, like iron, steel, and nickel, which possess ordi- 
nary magnetic properties; those affected when in motion, in 
which electric currents are evolved by the inductive force of the 
magnet, such as copper ; and, lastly, those which are perfectly 
indifferent to the magnet, whether at rest or in mol^n. 

It has already been observed that three bodies are requisite to 
form a galvanic circuit, one of which must he fluid. But, in 
1822 , Professor Seeheck, of Berlin, discovered that electric currents 
may be produced by the partial application of heat to a circuit 
formed of two solid conductors. For example, when a semicircle 
of bismuth, joined to a semicircle of antim(»ny, so as to forxn a 
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ring, is he ited at one of the junctions by a lamp, a current of 
electricityJ^flows through the circuit from the antimony to the 
bismuth ; and such thermo-electric currents produce all the elec- 
tro-magn^ effects. A compass needle, placed either within or 
without tile circuit, and at a small distance from it, is deflected 
from its natural position, in a direction corresponding to the way 
in which the electricity is flowing. If such a ring he suspehded 
so as to move easily in any direction, it will obey the action of 
a magnet brought near it, and may even he made to revolve. 
According to the researches of M. Seebeck, the same substance, 
unequally heated, exhibits electrical currents ; and M. Nobili 
observed, that in all metals, except zinc, iron, and antimony, the 
electricity flows from the hot part towards that which is cold. 
That philosopher attributes terrestrial magnetism to a difference 
ill the action of heat on the various substances of which the crust 
of the earth is composed ; and, in confirmation of his views, he 
has produced deCtrical currents by the contact of two pieces of 
moist clay, of which one was hotter than the other. 

M. Becqucrel constructed a thermo-electric battery of one 
kind of metal, by which he has determined the relation between 
the heat employed and the intensity of the resulting electricity. • 
He found that, in most metals, tlu intensity of the current in- 
creases with the heat to a certain ftmit, but that this law extends 
much farther in metals that are difficult to fuse, and which do 
not rust. The experiments of Professor Gumming show that 
the mutual action of a magnet and a thermo-electric cuiTent is 
subject to the same laws as those of magnets and galvanic , 
currents ; consequently all the ijheuomena of repulsion, attrac- 
tion, and rotation may be exhibited by a thermo-electric current. 
M. Botto, of Turin, has decomposed water and some solutions by 
thermo-electricity ; and the Cav. Antinori of Florence succeeded' 
in obtaining a brilliant spark with the aid of an electro-dynamic 
coil. 

The principle of thermo-electricity has been employed by MM. 
Nobill and Melloni for measuring extrernely minute quantities 
of heat in their experiments on the instantaneous transmission of 
radiant heat. The thermo-multiplier, which they constructed 
for that purpose, consists of a series of alternate bars, or rather 
fine ^ires of bismuth and antimony, placed side by side, and the 
Wtremities alternately soldered together. When heat is applied 
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to one end of this apparatus, the other remaining atl^ts natural 
temperature, currents of electricity flow through pair of 
liars, which are conveyed Tby wires to a deliQate galvanometer, the 
needle of which points out the intensity of the electricity con- 
veyed, and consequently that of the heat employed? ^ This in- 
sthiment is so delicate that the comparative warmth of different* 
insects has been ascertained by means of it. 

The conservation of force is strictly maintained throughout the 
whole science and different forms of electricity. In static elec- 
tricity the positive and negative forces exactly balance one 
another; they are always simultaneous, and related often by 
curved lines of force ; there is no defect or surplus, and the ex- 
istence of one kind without the other is utterly impossible — it is 
absolutely a* dual force. The very same may be said of electric 
currents, whether produced by the Voltaic battery or in any other 
way — ^the current in one part of the circuit is absolutely the same 
in amount and dual character as th^other ; and in the insulated 
Voltaic battery, where the siistaininj; power is internal, not the 
slightest development of the forces of either of these can occur 
till the circuit is completed or induction allowed at the extremi- 
ties ; for if when there is iK) circuit the induction be prevented, 
not merely no current, but no quantity of electricity at the ix)les 
ready to produce a current,* can be evolved in the slightest 
degree.* 


* Faraday. 
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SECTION XXXIV. 

Magnetism % Dual Power — Antith»?tic Character of Paramagnetism and 
Diamagnetism — The Earth Paramagnetic — Properties of Paramagnetic 
Bodies Polaiity — Induction — Lines of Magnetic Force — Currents 
of Electncity induced by them — Proved to be Closed Curves — Analogy 
and Identity of Electricity and Magnetism — TeiTcstrial Magnetism — 
Mean Values of the Three Magnetic Elements — Their Variations in 
Double Progression proved to consist of Two Superposed Variations — 
Discovery of the Periodicity of the Magnetic Storms — The Decennial 
Period of the Magnetic Elements the same with that of the Solar Spots 

— Magnetism of the Atmosphere — Diamagnetism — Action of Electro- 
Magnetism on Paramagnetic, Diamagnetic Bodies, and on Copper, very 
different — Proof of Diamagnetic Polarity and Induction — Magne- 
crystallic Action — Effects of Compression, Heat, and Cleavage on Mag- 
netic Bodies — Mutual Dependence of Light, Heat, Electricity, &c. &c. 

— The Conservation of Force and tlie Penuanency of Matter Primary 
Laws of Nature — - Definition of Orai^ity not acemtiing to that Law — 
Gravity only the Residual Forco of a Universal Power — Magnetism of 
the Ethereal Medium. 

Maonetiam may he rcgalrded as a new science in consequence 
of the profound researches and admirable discoveries of Dr. jjfara- 
day. Since the magnetism of matter is only known by the 
action of a magnet or of electricity upon it, by using an ex- 
tremely energetic magnet or electro-magnet he has proved that 
all known substances, whether solid, liquid, or aeriform, are more 
or less magnetic, but that the magnetism is very different in 
different substances. For example, if a bar of iron be freely sus- 
pended between the poles of a very powerful magnet or electro- 
magnet, it will be attracted by both poles, and will set or rest 
in the direction of a straight line joining them ; but if a similar 
bar of bismuth be freely susiiended in the S^me manner, it will 
rest in a dir|ption at right angles to that which the iron bar 
assumed. Thus tl^e direction in which the iron sets is axial or 
in the line of force, while that which the bismuth assumes is 
equatorial or perpendicular to the line of force. Substances that 
are magnetic after the manner of iron are said to be paramag- 
netic, those that are magnetic after the manner of bismuth are 
diamagnetic. As far as we know, all matter comes under one or 
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other of these lawsr. Many bodies are paramagneticl^sides iron, 
as the loadstone, which consists of the peroxide and protoxide of 
iron mixed with small portions of silica and alumina ; also some 
of the gems and metals, as cobalt, nickel, &c. A substance is 
often paramagnetic if it contains only the 130,00<Jlb*^part of its 
\Feight of iron ; but by far the greater number are diamagnetic, as 
all animal and vegetable matter, acids, oils, sugar, starch, bread, 
&c., and all the gases except oxygen, which is highly paramag- 
netic ; and its force increases with its density : but notwithstand- 
ing the predominance of diamagnetic matter at the surface, the 
terrestrial globe is paramagnetic — in fact it is a powerful magnet. 

Besides the substances which are paramagnetic naturally, that 
property may be. imparted by a variety of methods, as by friction 
with magnets or even juxtaposition with them ; and a bar of hard 
steel held at the angle of the dip will become a magnet on re- 
ceiving a few strokes with a hammer on its upper end. ^ 

Polarity is one of the most distinguishing charactera oSKiag- 
netism : it is the property which a magnet possesses when freely 
suspended of resting s|)ontaneonsly in the magnetic meridian, or 
nearly nortli and south, and always returning to that position 
when disturbed in consequence of the mean magnetic attraction 
of the earth ; yet the magnet has no tendency to move to the 
north or south even when floating on water, because the same 
pole that attracts one end repels the other. Both poles of a 
magnet attract iron, which in return attracts either pole of the 
magnet with an equal and contrary force. The action of a magnet 
on unmagnetised iron is conflued to attraction, whereas the reci- 
procal agency of magnets is characterised by a repulsive as well as 
by an attractive force ; for a north pole repels a north pole, and a 
south pole repels a south pole ; but a north and south pole mutu- 
ally attract one another— which proves that paramagnetism is a 
dual power in which the conservation of force is perfectly main- 
tained, for the force of attraction is exactly equal to the force of 
repulsion. One kind of polarity cannot exi§t* without the other : 
they are absolutely simultaneous, dependent, and of equal inten- 
sity. 

Induction is the power which a magnet possesses of exciting 
temporary or permanent paramagnetism in such bodies in its 
vicinity as are capable of receiving it. By this property the 
mere approach of a magnet renders iron and steel paramagnetic, 



Sect. XXXIV. 


INDUCTION. 


837 


the more jjowerfully the less the distance, hut the induced' force ‘ 
is always exactly equal to the force which produces it. When 
the north end of a magnet i» brought near to, and in the line 
with, an uqjnagnetised iron bar, the bar acquires all the proper-^, 
ties of a ^rfect_ magnet; the end next the north pole of the 
magnet becomes a s#uth pole, while the remote end becomes a 
north pole. Exactly the reverse takes place when the south end , 
is presented to the bar, so that each pole of a magnet induces the 
opposite polarity in the adjacent end of the bar, and the same 
polarity in the remote extremity ; consequently the nearest ex- 
tremity of the bar is attracted, and the farther repelled ; but as 
the action is greater on the adjacent than on the distant part, the 
resulting force is that of •attraction. By induction the iron bar • 
not only acquires polarity, but the power of inducing paramag- 
netism in a third body ; and althougli ail these properties vanish 
from the iron as soon as the magnet is removed, a lasting increase 
of intensity* is generally imparted to the magnet itself by tlie re- 
action of the temporary paramagnetism of the iron. Iron acquires 
the inductive force more rapidly than steel, yet it loses it as 
quickly on the removal of the magnet, whereas the steel is im- 
pressed with a lasting polarity. 

A certain time is requisite for induction, and it may be Accele- 
rated by anything that excites a vibratory motion in the particles 
of the steel ; such as tjie smart stroke of a hammer, or heat suc- 
ceeded by sudden cold. A steel bar may be converted into a 
magnet by the transmission of an electric discharge through it ; 
and as its efficacy is the same in whatever direction the elec- 
tricity passes, the effect arises from its mechanical operation ex- 
citing a vibration among the particles of the steel. It has been , 
observed that the particles of iron easily resume their neutral 
state after induction, while those of steel resist the restoration of 
equilibrium, or a return to the neutral state ; it is therefore evi- 
dent that any cause which removes or diminishes the resistance 
of the particles will tend to destroy the paramagnetism of the 
steel ; consequently the same mechanical means which develop 
the power will also destroy it. On that account a steel hair may 
lose its paramagnetism by any mechanical concussion, such as by 
falling on a hard substance, a blow with a hammer, and heating 
to recess, which makes the steel soft. The circumstances which 
determine whether it shall gain or Ibse are its position with 
' : Q 
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respect to the magnetic equator, and the higher or l^wer inten- 
sity of its previous magnetic state. 

A comparison of the number of vibrations accomplished by the 
«6ame magnetised needle during the same time at ^^erent dis- 
tances from a magnet gives the law of paramagnetic ^Intensity, 
which follows the inverse ratio of the square. of the distance — a 
law that is not affected by the intervention of any substance 
whatever between the magnet and the needle, provided the sub- 
stance be not itself siisceptiblc of magnetism. Induction and the 
reciprocal action of magnets are tlierefore subject to the laws of 
mechanics ^ but tlie composition and resolution of the forces are 
complicated in consequence of four forces being constantly in hc- 
*tivity, two in each magnet. Mr. Were Fox discovered that the 
law of the parami^;netio force changes from the inverse square of 
the distance to the simple inverse ratio when the distance l^tween 
two magnets is as small as from the fourth to the eighth of an 
inch, or even as much as half an inch when the magnets are 
large ; and in the case of repulsion, that the change takes place 
at a still greater distance, esixjcially when the two magnets differ 
materially in intensity. 

Witlioirt assuming any hypothesis of what magnetism is, or how * 
tlist Torcc is originated or sustained, Dr. Faraday regards a 
magnet as a source of jjower surroundcnl by curved lines of foice 
which are not only representauts of the magnetic power m 
quality and direction, but also in quantity— an hypothesis which 
accords perfectly with experimeni, and \^ith the action both of 
electricity and magnetism. The nature and form of these lines 
may be seen by placing a bar magnet iq)on a table, spreading a 
sheet of stiff paper over it so as to be perfectly level and free 
from creases, and then sifting very clean iron filings through 
a fine sieve equably over4t. The filings will instantly assume 
the form of the curved lines represented by fig. 1, plate 7, in 
consequence of the action of the magnet. These lines are the 
true representatWes of the magnetic forces, and being related to 
a polar power, they have opposite qualities in opposite directions. 
When a magnet is broken across the middle, each part is at once 
converted into a perfect magnet ; the part that originally had a 
south pole acquires a north pole at the fractured end ; the part 
that had originally a north pole gets a south pole ; and as far as 
mechanical division can bb carried, it is found that each fragment 
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id a perfei^t magnet. Fig. 2, plate 7, shows the lines of force in* 
a fractured magnet when the ends are not yet separated*; fig. 3 
shows them when they are. 

CiirrentryDf electricity are produced in conducting bodies moved 
across t^Ae lines of magnetic force. If a copper wire at a little 
distance above the north pole of a* bar magnet be moved from * 
left to rights at any angle across the lines of magnetic force, they 
will induce a current of electricity in the wire flowing from 
right to left ; if the wire be mpve*d with the same velocity in the 
contrary direction, the induced current will be of equal intensity, 
but it will flow from left to right. Similar fesults are obtained 
from the south pole, and the phenomena arc the same when the 
magnet is moved and the wire is at test ; in both cases the 
intensity is greater the swifter the motion. It appears that the 
quantity of electricity induced ds directly as the amount of the 
magnetic curves intersected, . and when a wire is moving uni- 
formly in a field of equal magnetic force, the current of electricity 
generated is proportional to the time, and also to the velocity of 
. motion ; for when a metallic disc is made to revolve through the 
lines of force, the current indticed is strongest near the edge where 
•the velocity is greatest ; and in different substances movingacross 
the lines of force the intensity of the induced current is directly 
as the conducting power of the substance. Thus bodies moved 
near a magnet have an electrical current develojml in them*, and 
conversely bodies affected by an electric current arb definitely 
moved by a magnet near them. 

By the preceding experiments it apixjars that magnetic polarity 
is manifested in two ways ; in the magnetised needle, by attrac- 
tion and repulsion, and in a wire moving across lines of magnetic 
force it is shown by the opposite directions in which the induced 
current flows according as the body is moved from the right to 
the left, or left to right. Hence polarity consists in the opposite 
and antithetical actions manifested at the opposite ends or oppo- 
site sides of a limited or unlimited line of force. Antithesis is 
the true and most general character of magnetism, whatever may 
.be its mode of action. 

It was by the induction of electric currents in copper wires 
moving across the lines of magnetic force that Dr.. Faraday 
proved that the lines of force issuing from a magnet are closed 
curves which return again and pass through the interior of the 

. Q 2 
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magnet. He placed two bar magnets of the same length, size, 
and intdhsity with their similar poles together, so that tney might 
act as one dliagnet. A copper wire was then 'passed l^tween 
their axes, which after extending through half theirjength was 
bent up equatorially and turned back along the outsidi',^ so that 
the whole wire formed a loop, ’the two ends being connected with 
a galvanometer. When the whole wire was Inade to revol?e, no 
effect was produced, although it crossed the lines of magnetic ' 
force ; but when it was cut in two,, so as to separate the external 
from the internal part, electr'cal currents of equal intensity, but 
in contrary direp tioris, were induced in each portion of the wire as 
they were made seimratcly to cross the lines of force, for the 
apparatus was so constructed that that could be done. The ex- 
terior wire crossed the lines of force which issued from the 
magnets at right angles to their axes, while the equatorial part • 
of the interior wire traversed the returning lines of force. It is 
evident that these forces neutmlized each other .when the whole 
wire revolved : consequently the internal and external lines of 
force must have been of equal intensity and opposite in direction, 
so as to balance one another. By this and a very great number 
of other experiments Dr. Faraday has proved that the magnetic 
lines of force are continuous closed curves alike in shape, 'size, 
and power. They extend indefinitely beyond the magnet, and 
undergo no change by distance. 

Thus the magnetic force pervades the interior of the mass ; if 
electricity does the same, a com{)ensation must either take place, 
or it also must move in lines of force, sensible only at the sur- 
face. Electricity has a peri)etual tendency to e^pe, and does 
escape, when not prevented by the coercive power of the air, and 
other non-conducting substances. Such a tendency does . not 
exist in magnetism, which never leaves the substance containing 
it under any circumstances whatever. There must be some 
coercive force, analogous to friction, which arrests the magnetic 
forces, so as first to oppose their separation, and then to prevdlt 
their reunion. In soft iron the coercive force is either wanting 
pr extmmely feeble, ^ince iron is easily rendered paramagnetic by 
induction, and as easily loses that quality ; whereas in steel the 
coercive force is extremely energetic, because it x>revents the steel 
from acquiring the paramagnetic properties rapidly, and entirely 
hinders it from losing them when acquired. The feebleness of 
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the coercive force in iron, and its energy in steel, with regard to 
the paramagnetic force, is perfectly analogous to the facility of 
transmission afforded to electricity by non- electrics, and the 
resistance jj* experiences in electrics. At every step the analogy 
betwee^ Electricity and magnetism becomes more striking. The 
agency of attraction and repulsion is common to both ; the posi- 
tive and negative electricities are similar to the northern and 
southern polarities, and are governed by the same laws— rnamely, 
that between like powers there is repulsion, and between unlike 
powers there is attraction. Each of these four forces is capable 
of acting most en^gctically when alone; but as the electric 
equilibrium is restored by the union of the two electric states, 
and magnetic neutrality by the combination of the two polarities, 
they respectively neutralise each other when joined. All these 
forces vary inversely as the square of the distance, and conse- 
quently come under the same mechanical laws. 

A like analogy extends to magnetic and electric induction. 
Iron and steel are in a state of equilibrium when neutral ; but 
tliis equilibrium is immediately disturbed on the approach of the 
pole of a magnet, which by induction transfers one kind of 
polarity to one end of an iron or steel bar, and the opposite kind 
to the other — effects exactly similar to electrical induction. 
There is ev(*n a correspondeqee between the fracture of a magnet 
and that of an electric conductor ; for if an oblong conductor be 
electrified by induction, its . two extremities will have opposite 
electricities ; and if in that state it bo divided across the middle, 
the two portioni, when removed to.a distance from one another, 
will each retain the electricity that Las been induced uix)n it. 
The analogy, however, does not extend to transference. A body 
may transfer a redundant quantity of positive electricity to 
another, or deprive another of its electricity — the one gaining at 
the expense of the other ; but a body cannot possess only one 
kind of polarity. With that exception, there is such perfect cor- 
respondence between the theories of magnetic attractions and 
repulsions, and electric forces in conducting bodies, that they not 
only are the same in principle, but are determined by the same 
formulss. Experiment concurs with theory in proving the 
identity of these two influences. Hence, if the electrical pheno- 
mena ^ due to a modification of the ethereal medium, the mag- 
netic phenomena must be owing to an analogous cause. 

Curved lines of magnetic force issue from every point of the 
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earth’s surface where there is sensible dip, and bendjng round 
enter the earth again at the magnetic equator. Th^y induce 
electric currents in conducting-wires, moving across theip exactly 
the same as in artificial magnets ; and when a hollp^ helix, or 
coil of copper wire, whose extremities are connected iliVh a gal- 
vanometer, is t)laced in the magnetic dix>, and suddenly moved 
across the lines of force, the needle of the galvanometer will 
vibrate through an arc of 80° or 90°, in consequence of* the 
electric current induced by these lines of magnetic force in the 
wire, and the action is greater when a core of soft iron is placed 
in the helix, which becomes a temporary magnet by induction. 
Again, if a copper plate be connected with a galvanometer by two 
copper wires, one from the centre, and another from the cir- 
cumference, in order to collect and convey the electricity, it is 
found that, when the plate is made to revolve in a plane passing* 
through the line of the dip, the galvanometer is not affected. 
But as soon as the plate is inclined to that plane, electricity 
l)egin8 to be developed by its'motion across the lines of magnetic 
force ; it becomes more powerful as the inclination increases, and 
arrives at a maximum when the plate revolves at right angles to 
the line of dip. When the revolution is in the same direction 
with that of the hands of a watch, the current of electricity flows 
from its centre to the circumference ; and when the rotation is 
•in a contrary direction, the current sets the opposite way. Thus 
a copper plate, revolving at right angles to the line of the dip, 
becomes a new electrical machine^ differing from the common 
plate-glass machine *by the copper being the jaost perfect con- 
ductor, whereas glass is the most perfect noutconductor; besides 
insulation, which is essential to the glass machine, is fatal to the 
copi)er one. The quantity of electricity evolved by the metal 
does not appear to be inferior to that devolved by thd glass, 
though very different in intensity. Even a ship crossing the 
lines of force must have electric currents running throng h6r. 
Dr. Faraday observes that such is the facility with which eleo* 
tricity te generated by the magnetic lines of force, that scarcely 
any piece, of metal can he moved .without a development of it ; 
consequently, among the arrangements of steam-engines and 
metallic machinery, curious electro-magnetic oombiniitionii pro^ 
bably exist which have never yet been noticed. Thus magnetic 
lines of force certainly issue from the surface of the globe. 

No doubt the earth is a magnet on a vast scale, but it differs 
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from idl others in having four poles of maximum magnetic force 
of different intensities; the two in the northern hemisphere 
having a secular motion in a contrary direction from the two in 
the southern. They are not even symmetrically placed ; hence 
the maglietic intensity varies so much in the different points on 
the earth’s surface, that the dynamic equator, or line passing 
through all the ][K)ints of least intensity, is a very irregular curve 
surrounding the globe, hut by no means coinciding witji tlie ter- 
restrial equator. In consequence of the mean action of these 
four forces, the north end of a magnetised needle, arranged so as 
to revolve in a vertical plane, dips or inclines beneath the 
horizon in the northern hemisphere, and the south end in the 
southern. The two hemispheres are separated by a line en- 
circling the earth, called the magnetic e^^uator, or line of no dip, 
in which the dipping or inclination needle is horizontal. On 
each side of this line the inclination increases till at last the 
needle becomes perpendicular to the horizon in two points, or 
rather small spaces, in each hemisphere, known as the magnetic 
poles, which are quite different from the poles of the earth’s 
rotation. The mean action of the four poles of magnetic inten- 
sity cau^s the mariner’s comp^, or a magnetic needle suspended 
so as to revolve in a horizontal plane, to remain at rest when 
pointing to the two magnetic poles. It is then in tlie magnetic 
■meridian of the place of observation, which is thus determined 
by the mean action of all the four magnetic forces. « 

These mean values of the three magnetic elements, namely, 
the declination, inclination or dip, and magnetic intensity, are 
well known to be subject to secular, annual, and diurnal varia- 
tions. The secular only become sensible after some years, but 
the annual and diurnal variations have a double progression — 
that is to say, two maximum and two minimum values in 
their respective periods of a year and twenty-fohr hours ; for 
example, the declination needle makes two deviations to the west 
and two to the east in the course of twenty-four hours, and that 
with great regularity. Now General Sabine discovered that the 
double progression arises from two combined or superposed varia- 
tions having different hours of maxima and minima, and that 
they are due to two distinctly different causes — the one being 
the difference in the sunis ix)Bition relatively to the place of 
observation at the different seasons of the year, and hours of the 
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day and night ; the other being a mean annual and diurnal 
variation proved by General Sabine to exist in those great mag- 
netic storms or casual disturbances \vhich affect the magnetic 
elements simultaneously over enormously extensive tracts of the 
globe. 

Moreover the General discovered that, besides these annual 
and diurnal variations, the magnetic storms have a variation 
which accomplishes its vicissitudes in ten or more nearly eleven 
years, the increase from year to year being gradual, till its 
maximum becomes twice as great as its minimum value. In 
consequence of this inequality in the storms or casual disturb- 
ances, each of. the magnetic elements haS a variation of similar 
period and similar maxima and minima. Now the number and 
magnitude of the spots on the sun had been observed by M. 
Schwabe, of Dessau, to increase to a maximum, and decrease 
again to a minimum, regularly in the very same period of between 
ten and eleven years ; and General Sabine found that this 
variation iu the solar spots, and that in the magnetic elements, 
not only have the same periods of maxima and minima, Jmt 
that they correspond in all their minutest vicissitudes. Tliws a 
very remarkable and unexi>ected connexion exists between ter- 
restrial and solar magnetism. The dual and antagonist principle 
is perfectly maintained in the earth’s magnetism, all the pheno- 
mena and their variations being in opposite directions in the 
J:wo hemispheres. (N. ‘J26.) 

No doubt the magnetic lines of force in the earth are closed 
curves, as in artificial magnets ; but in their circuitous courses 
they may extend to any distance in space, or rather in the 
ethereal medium, even to thousands or tens of thousands of 
miles ; for the ethereal medium is permeable to lines of magnetic 
force, or rather transmits them, otherwise the solar spots could 
pot affect the variations of terrestrial magnetism ; besides, they 
pass through the Torricellian vacuum, which is nearly a void 
with respect to air, but not to the ethereal medium. 

The atmosphere which surrounds the earth to the height of 
about fifty miles with sensible density, consists of three and a 
half parts by weight of nitrogen gas and one part of oxygen, 
uniformly mixed. The nitrogen is neutral whether dense or 
rare, hot or cold, while the oxygen is, highly paramagnetic ; but 
it loses a great' part of its force when rarefied by heat ; conse- 
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quently the magnetic force of the ajbmoephcirc must inci'ease from 
the equator to the poles of maximum cold ; it must vary summer 
and winter, night and day. Its effect upon tenestrial magnetism 
is unknown ; but it can hardly be without some influence. M. 
E. Becqia£|^ t)bserves — “ If we reflect that the earth is encom- 
passed by a mass of ajr equivalent in weight to a layer of mer- 
cury of 30 inches, we may inquire whether, such a mass of 
magnetic gas, continually agi fated, and submitted to the regular 
and irregular variations of pressure and temperature, does not 
intervene in some of the phenomena dependent upon terrestrial 
n^^netisiii^ If we calculate, in fact, what is the magnetic forcef 
off^his fluid mass, we find that it is equivalent to an immense 
plate of iron, of a thickness little more than of an inch, 
which covers the whole surface of* the globe.” Both the 
conducting power of the air and its density are increased 
by cold; and as the sum of the magnetic forces which issue 
from the earth on one side of the line of no dip is equal to their 
sum on the other side, the intensity and concentration in our 
wiqter are coincident with a diffusion ahd feebleness in the oppo- 
site hemisphere, so that the lino of no dip will move annually 
from north to south and hack again. The jsame holds with 
regard to d§y and night. Thus the law of the conservation of 
force is rigorously maintained ; and it is equally so in the efiect 
of the atmosphere on the magnetic lines of force, which refracts 
them as they pass through it, in one direction in summer, and in 
the opiX)site direction in winter — in one direction in the enlight- 
ened hemisphere, in the other in that which is dark. The whole 
of the magnetic 'lines about the earth are held by their mutual 
tension in one connected, sensitive system, which feels in everj- 
part, even to the antiiKwies, a change in any particular place. 

■ It may be mentioned as a well-known fact, that apparent 
anomalies have been found in the diurnal variation of the decli- 
nation in the high magnetic latitudes of the northern hemisphere 
when compared with their great regularity in other parts of the 
same hemisphere, and that the magnetic storms are of much 
greater magnitude there than in lower latitudes. Moreover, 
although Captain Maguire’s observations at Cape Barrow, in 
the North Polar Ocean,. show that the annual and diurnal varia- 
tions of the casual disturbances or magnetic storms, as well as 
those of the decennial period, are maintained, yet it appeal's that 
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at certain hours of day the disturbance in tho declioatioa 
may be easterly at Point Barrow, and westerly at the Mastic 
Observatory at Toronto, in Upper Canada, and vice vend : in fiwst, 
the magnetic storms are simultaneous at these two stations, but 
in opposite directions — a circumstance not yet acoouLted for, and 
may ix>ssibly be due to the increased magnetism of the air in 
these cold regions. The heat of the sun has no effect upon 
terrestrial magnetism unless possibly by its indirect action on the 
oxygen of the atmosphere; but hitherto it has* been impercep- 
tible. It is hardly possible that the aurora can be independent 
of the magnetic character of the air, since it occurs in thebigh 
latitudes, where the atmospheric magnetism is most powerful. 
Captain Maguire remarked that it frequently appeared at Point 
Barrow when the magnetfe storms were at a maximum. 

We arc totally ignorant of the canine of terrestrial magnetism, 
though the powerful influence of the solar spots renders it higlily 
probable that it will ultimately bo found to originate in the sun 
himself. Mr. Barlow’s theory of electric currents revolving round 
the globe is Borne out by*Mr. Fox’s observations in the Cornish 
mines, which show that electro-magnetism is extremely active in 
metallic veins; that not only the nature of the metalliferous 
deposits must have been determined by their ’relative electrical 
conditions, but'^that Ihe direction of the metallic veins must have 
been influenced by the direction of the magnetic meridians, and 
in fact almost all the metallic deposits in the world tend from 
east to west, or from 'north-east to south-west. However, these 
currents of electricity may be regarded as magnetic lines of force, 
and are more likely to be the eftect than the cause of terrestrial 
magnetism. They are found to have a powerful inductive ‘effect 
on the Atlantic telegraph, disturbing the needles and galvano- 
meters at each end of the line to a considerable degree, and on 
the night of the 6th of September, 1858, a magnetic storm passed 
over the cable, which violently agitated tlie reflecting galvano- 
meter in connection with the telegraphic wires. 

We are equally ignorant of the cause of the secular magnetic 
variations, but we have no reason to believe that the earth is 
alone magnetic; on the contrary, tfie planets are probably 
magnets, and we know that the sun and moon are magnetic ; 
hence, as the magnetic, like the gravitating force, is transmitted 
through the ethereal medium, the induction of the sun, moon. 
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and planets, in all their secular and periodic changes, may cause 
perpetual variations in terrestrial magnetism, and it may not be 
beyond the delicacy of modem observation to ascertain whether 
a planet, when nearest to the earth, has any sensible magnetism. 

Diamggnttism is also a dual power, but in complete antithesis 
to paramd^etism under the same circumstances. Dr. Faraday 
first discovered this property in heavy glass, or silico-borate of 
lead, a piece of which was repelled by the pole of a powerful 
electro-magnet, and an elongated prism of the same heavy glass, 
when freely suspended between the poles, set eqiiatorially. He 
then found that so great a number of substances followed the 
same law, that it established the very remarkable fact of a 
hitherto unknown force having acted upon the substances sub- 
mitted to its intfuence, a discovery which he subsequently con- 
firmed by many ^perirnents, all of which proved the antithesis 
between the two modes of magnetic action. He also discovered 
that magnetic bodies differ exceedingly in their magnetic power : 
of paramagnetic bodies iron is the most powerful ; then follow 
nickel, cobalt, and a long gradation down td osmipm and a 
vacuum. The body that seems to have the lowest diamapetic 
power is arsenic, and the series ascends to heavy glass, antimony, 
phosphonis, and bismuth ; so iron and bismuth are, the most 
ix)werful in their res|)ective clasi^s, and both have a small con- 
’ducting power for electricity. It may be presumed that many 
remarkable instances of diamagnetism are to be met with in 
nature; among others, Dr. Faj’aday has suggested the idea that 
Saturn’s ring, from its position, may be diamagnetic with regard " 
to the planet. 

With vdty powerful magnets or electro-magnets, which are 
absolutely necessary for all these experiments, it is found that no 
simple substance is neutral, but that such may he compounded 
by mixing in due proportion a diamagnetic and paramagnetic 
liquid, as water and protosulphatc of imn. 

Professor Tyndall proved diamagnetic polarity by placing two 
bismuth *bars within two vertical coils or spirals of insulated 
copper wire, through which electric currents were transmitted 
from a galvanic battery, and caused to act upon a steel magnet 
freely suspended without the spirals. Now, when the excited 
magnetism is merely by induction, the electric current, being 
momentary, only causes a shock or momentary deviation in the 
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magnet, which returns to»its original position when the current 
ceases. When, on the contrary, the magnetism is permanent, 
the suspended magnet does not return to its original position 
when the current ceases. In Professor Tyndall’s experiment the * 
deviation was ][)ermanent, and it was equally** so wh(HL a bismuth 
bar was freely suspended and the cores within the sj^rals were 
steel magnets. Had the effect been from currents induced in the 
mass of the bar of bismuth, division of the bar would have stopped 
them, but the result was the same with powdered bismuth as 
with the solid mass. Moreover, since the strength of induced 
currents depends upon the conducting power of the substance, 
and as the conducting power of copper is forty times as great as 
that of bismuth, liad the polarity b^i induced and not i*eal, the 
effect ought to have been forty times greater when copper instead 
of bismuth cores were put in the spirals, whereas it was scarcely 
sensible. Besides these proofs. Dr. Tyndall made experiments 
with eleven different diamagnetic substances, of which water was 
one, with similar results. He then determined the polarity of 
twelve paramagnetic bodies by the same method, whence it 
appeared that the same action whiph produced a north pole in 
the paramagnetic bodies produced a south pole in those that 
were diamagnetic, and vice versa, whence hp concludes that dia- 
magnetic polaijty is one of the most firmly established truths of 
science. It follows from this that, when a man is standing, his 
head is a north pole and his feet a south, and thp top of an iron 
railing on which he may be leaning is a south pole and the lower 
• end a north. Diamagnetic bodies thus possess a polarity, the 
same in kind but opposite in direction to that possessed by para- 
magnetic ones.* They ’are both dual powers, and tlte two dia- 
magnetic forces like the two paramagnetic being coexistent, 
simultaneous, and mutually dependent, there can be no doubt 
that the diamagnetic forces also are represented, or rather consist 
of curved and closed lines of force passing through the interior 
of the substance. Dr. Tyndall has proved that the attraction 
of iron, and the repulsion of bismuth, are as *the square of the 
electro-magnetic current producing them, and that diamagnetic 
substances are capable of induction. 

* Professor Matteucci still expresses doubts on this subject, but has not 

yet finished his experiments. 
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The molecular ^structure of substances fmely suspended between 
the poles of a magnet has a decided effect upon the position they 
assume. 

It has already been mentioned that the optic axis is a symme- 
trical line jn a dAibly refracting crystal in which there is no 
double refraction, and that in some crystals there are two such 
symmetrical lines. Now, Professor Plucker of Bonn discovered, 
when such crystals are submitted to powerful magnetic influence, 
that the single optic axis in the one, and the resultant or mean 
Btte between the double optic axes in the other, set diametrically 
nr at right angles to the line of magnetic force ; and so powerful 
did the Professor find the action of magnetism on crystalline 
form, that the mineral cyanite, when suspended, arranges itself 
so definitely with regard to teiTcstrial magnetism, that it might 
be used as a compass needle. 

Dr. Faraday afterwards observed that amoq)hous substances, 
cut in tlic form of a sidiein, have no tendency to set or be 
attracted or repelled in one direction in preference to any other ; 
but if the sphere be formed of a crystallized substance, it is a 
general fact that, whether it Ik? paramagnetic or diamagnetic, it 
is more powerfully attracted or Vcpelled in one direction than in 
any other— a property named by Dr. Faraday magnecrystallic 
action. For example, a sphere of calcareous y)ar, which is a 
diamagnetic crystal, is most strongly rejwlled in the direction of 
its principal optic axis, and least strongly in the direction of its 
least axis. Tii a sphere of carbonate of iron, which has exactly 
the same crystalline form and is highly i)aramagnetic, the line 
which in carbonate of lime sets equatorially, in this case sets 
axially, and more sti-ongly in that direction than in any other. 
The Jpw according to which the attraction of the carbonate of iron 
increases from the least to its greatest or principal optic axis, is 
precisely the same as that according to which the repidsion of the 
calcareous spar increases from the least to the principal optic axis. 
These relations are not altered by the immersion of the spheres 
in liquids of either magnetism. Dr. Faraday observed that a. 
line at right angles to the planes of principal cleavage in crystals 
takes the axial position, and on that account he called it the 
magnecrystallic axis. Its position was proved by MM. Tyndall 
and Knoblauch to depend upon the general fact, that the mass is 
most strongly. repelled in the direction of the planes of principal 
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cleavage, and that the elective position of •crystals. depends more 
ii{K)n the direction of these planes with respect to the electric 
force, than upon the optic axis. The planes of principal cleavage 
set themselves eciuatorially in diamagnetic, and axially in para- 
magnetic substances : it was thence inferred ftiat tha phenomena 
offered by crystals in the magnetic field is a particular base of the 
general law, that the superior action of magnets upon matter in 
a particular direction is due to the particles of the body being 
closer together in that direction than in any other : in short, 
the line of maximum density ; the force exerted being attractive 
or repulsive according as the particles are paramagnetic or dia- 
magnetic. 

It appears, however, that the set of crystals with regard to the 
line of magnetic force does not depend solely upon their density 
in particular directions. Professor Matteucci, of Hsa, has proved 
that the diamagnetic force is inversely .as the conducting ix)wer 
of substances for electricity, that the con<lucting power is a 
maximum in the planes of principal cleavage, and that a needle 
of crystallized bismuth, in which the planes of cleavage are 
parallel to its length, places itself equatorially with more force 
wlien these planes are vertical, or at right angles to the for^e, 
than when they are horizontal or parallel to it. Experiments had 
hitherto been made only with diamagnetic or slightly paramag- 
netic bodies, which induced M. de Roux to try the effect of mag- 
netism oft pulverized iron compressed by the hydraulic press, 
which reduced the grains of iron to lamellae equivalent to ^anes 
of cleavage. Cubes of this substance, suspended by a thread over 
a horseshoe magnet, oscillated for a longer time when the lamellas 
were perpendicular than when they were horizontal ; that is, the 
force was stronger when the lamella) were equatorial thaii^when 
they were axial, exactly the same result aa in Professor Mat- 
teucci’s experiment with the needle of Bismuth. Thus the ver- 
tical position of the cleavages, which increases the diamagnetism 
of the bismuth, increases also the paramagnetism of the iron. 
M. le Roux observes that these results are independent of the 
influence of the currents of electricity induced in the oscillating 
body, for the fundamental character of the phenomena of Arago’s 
discovery of rotation by induction is, that the oscillations diminish 
rapidly in extent without any sensible diminutiou in their dura- 
tion, while in his experiments the time of the oscillations varied. 



SECt. XXXIV. INFLITENCE OP COMPRESSION. 


351 


He concludes that the arrangement of the mol^les^must be inti- 
mately connected with '^ramagnetism or diamagnetism itself, 
since the effect of that arrhngementis equally sensible in bismuth 
and ironi although the diamagnetism of the former is 25,000 
times w^cv than the paramagnetism of the latter. 

The diatnagnetism of conducting substances and metals, such as 
gold, silver, and copi)er, is augmented by division. Compression 
has also a great effect on magnetic action. For example, a bar 
of soft iron sets with its longest dimensions from pole to pole of 
a magnet, but a bar of compresse<l carbonate of iron-dust, whose 
shortest dimensions coincide with the line of pressure, sets 
equatorially. A bar of bismuth whose plane of principal cleavage 
is parallel to its length sets equatorially, but a bar of compressed 
bismuth dust, whose shortest dimensions coincide with the line 
jof pressure, or a bar of bismuth whose principal planes of cleavage 
are transverse to its length, sets with its length axially. The 
antithesis is perfect whether the bars are under tlie influence of 
a magnet or electro-magnet. For since the diamagnetic force is* 
inversely as the conducting {X)wer of a body for electricity, and 
that the latter is a maximum in the direction of the planes of 
principal cleavage, therefore when these planes are parallel to 
the axis of the bismuth bar it sets equatorially ; but as the*con- 
ducting power is augmented when the bismuth dust is com- 
pressed in the direction of the force, the diamagnetic power is 
diminished, and the bar sets axially. Again, since the para- 
magnetic force augments with the conducting powei’, the action 
of the magnet on the iron is antithetic to that on the bismuth. 

The action of an electro-magnet on copper is strongly con- 
trasted with that which it exerts on iron or bismuth. For when 
a copper bar suspended by a thread revolves before its pole, it is 
brought to a dead halt as soon as the electric current acts upon it, 
and maintains its iwsitidn with considerable tenacity, for it does 
not return when pushed out of it, but keeps its new place with 
stiffness ;■ however, as soon as the electric current ceases, there ts 
a strong revulsion, the bar revolving the contrary way. Even 
when swinging with considerable force it may be caught and 
retained in any position at pleasure, but there is no revulsion 
when it is arrested either in the axial or equatorial position ; at • 
any angle between these two, hut especially midway, the elec- 
tricity will make itr move towards the axis, hut it is arrested 
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before itcom^s to* it. The action depends much on the form 
and (limtMisions of the bar and thema^etic pole, which ought 
to be flat. The phenomena are due to tlie high electro-con- 
ducting power of the copper, and are met with in some of the 
other pure metals, though in a far inferior degree. 

Great magnetic ix)wer .is requisite for all these exj)eriments. 
Dr. Faraday employed a magnet that could sustain a weight of 
450 lbs. at each pole, and the poles were ejther pointed or flat 
surfiices at ideasure, as the kind of experiment required. 

Heat strongly affects .the magnetic properties of bodies. Dr. 
Faraday found that, when the temperature of nickel is increased, 
its magnetic force diminishes ; when that of iron is increased its 
magnetic force remains tlie same, while that of cobalt increases ; 
which seems to indicate that there is a temperature at which the 
magnetic force is a maximum, above and below which it dimi- 
nishes. Nickel loses its magnetism at the temi^rature of 
boiling oil, iron at a red heat, and cobalt near the temperature at 
which copper melts. Calcareous spar retains its magnetic cha- 
racter at a very high tcmi^erature ; but the same substance when 
it contains iron, and also oxide of iron, loses it entirely at a dull 
red heat. A crystal of the fciTocarbonate of lime was absolutely 
reversed by change of temi)eratiire, format a low heat* the optic 
axis pointed axially, and at a high temperature equatorially. 
With the exception of these substances, magnecrystals, whether 
paramagnetic or diamagnetic, are generally all affected alike by 
heat. The difference between the forces in any two different 
directions, as for instance the greatest and least principal axes, 
diminishes as the temperature is raised, increases as the tempera- 
ture is lowered, and is constant for a given temperature. No 
unmixed or pure substance has as yet passed by beat from the 
paramagnetic to the diamagnetic state. No sirr^ph magnecrystal 
has shown any inversion of this kind, nbr have any of the chief 
axes of power changed their characters or relations to one 
another. 

It appears that, as the molecules of crystals and compressed 
bodies affect magnetism, so magnetism acts upon the molecules of 
matter, for torsion diminishes the magnetic force, and the elasticity 
of iron and steel is altered by magnetism. M, Matteucci has 
found that the mechanical compression of glass alters the rotatory 
power of a polarized ray of light transmitted through it, and that 
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a change takes place in the temper of glass under the influence of 
powerful' magnetism. . 

Even from the limited view of the powers of nature which pre- 
cedes, it is evident that the progress of science based upon experi- 
ment ten^s to show that the various forces of light, heat, motion, 
chemical jiffinity, electricity, and magnetism will ultimately be' 
traced to one common origin ; that they are so directly related, and 
mutually dependent, that they are convertible, motion producing 
heat, and heat motion ; chemical affinity producing electricity, 
and electricity chemical action, &c., each mediately or immedi- 
ately producing the other. These forces are transmitted through 
substances ; they act upon matter, causing changes in the mole- 
cular structure of bodies either momentary or permanent, and 
reciprocally the changes indicate the action of these forces. Matter 
and force are only known to us as manifestations of Almighty 
power : we are assured that we cjin neither create nor destroy 
them — that their amount is the same now as in the beginning. 
In chemical attraction the powers with which a molecule of * 
matter is endowed, and which give rise to various qualities, 
never change ; even when passing through a thousand combina- 
tiqns, the molecule and its power are ever the same. 

Machinery duc3 not create force ; it only enables us to turn the 
forces of nature to the l)est advantage ; it is by the force of wind 
or falling water that our corn is ground, and the steam engine 
owes its power to the force of heat and chemical action. As 
force cannot be created, neither can it be anniliilated. It may 
be dispersed in various directions, and subdivided so as to be- 
come evanescent to our percei^tions ; it may be balanced so as 
to be in abeyance, or become ]X)tential as in static electricity ; but 
the instant the impediment is removed the force is manifested by 
motion ; it may also be turned into heat by friction, but it is 
never lost. Every motion we make, every breath, every word we 
utter, is a force that produces pulsations which arc communicated 
to continually increasing particles of air, and conveyed through 
countless channels so as to become indeed im^ierceptible to our 
senses, yet they are demonstrated to exist as witnesses of the 
words we have spoken or the notions we have performed, by 
analysis, that all-powerful instrument of human reason.* 


* Babhigc. 
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A body acquires heat in the exact proporii^ that ’the adjacent 
substances b^me cold, and when heat ia absorbed by a ,bedy it 
becomes an expansive force at the expense of those around that 
contract, but it is not lost. In chemical action at a distance the 
principle of the conservation of force is maintained, fore cbd^uoal 
action may be produced miles away from an electro-cSagnel^^r* 
fectly equivalent to the dominant chemical action in the battiHti 
The two electricities are developed in equal pro^rtions, which 
may be combined so as to pixxiuce many changes in their respedfi^* 
tive relations, yet the sum of the force of one kind can never be 
made in the smallest degree* either to exceed or to come short of 
the sum of the other. Experimental research proves that the con- 
servation of force is an unalterable law of nature — “ a principle 
in physics as large and sure as that of the indestructibility of * 
matter or.the invariability of gravity. No hypothesis should be 
admitted, nor any assertion of a fact credited, that denies this 
principle. No view should he inconsistent or incompatible with 
it. Many of our hypotheses in the present state* of science may 
not comprehend it, and may be unable to suggest its cqnse- 
qiiencea, but none should^})l)Ose or contradict it.” . 

Having thus expressed his conviction of the truth of this great 
principle, Dr. Faraday considers the case of gravity, and con- 
cludes that “ the definition of gravity as an attractive force be- 
tween the particles of matter varying inversely as the scftiare of 
the distance, while it stands as a full definition of the power, is 
iiiconsistent with the principle of the conservation of force.” 
For while in this definition the principle is maintained of the 
constancy of the force at the same distance^ it implies a creation 
of force to an enormous amount when the distance is diminished, 
and an equal amount annihilated when tlie distance is increased, 
— “ an effect,” he says, “ which is equal in its infinity and its 
consequences with creation, and only within the power of Him 
who creates.” He continues, “It will not be imagined for a 
moment that I am opposed to what may be called the law of 
gravitating action, that is, the law by which all. the kno^vn 
effects of gravity are govemed ; what I am considering is the 
definition of the force of gravitation. That the .result of one 
exercise of a power may be inversely as the square of the dis- 
tance, I believe and admit ; and I know that it is so in the case 
*of gravity, and has been verified to an extent that could hardly 
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have been ivithin* tlie ^conception of Newton himself when he 
gave utterance to the law ; but tliat the totality of a force cen 
be employed accordibg to that law I do not i^liove cither in 
relation to gravitation, or electricity, or magnetism, or any other 
supposed •forth of power. That there should be a power of 
gravitation^existing by itself, having no relation to the other 
natural powers, and no respect to the law of the conservation of 
force, is as little likely as that there should be a principle of 
levity as well as gravity. Gravity may be only the residual part 
of the other forces of nature, as Mossotti has tried to show ; but 
that it should fall out from the law of all other forces, and should 
be outside the reach either of farther experiment or philosophical 
conclusions, is not probable. So we must strive to learn more of 
this outstanding power, and endeavour to avoid any definition 
of it which is incompatible with the principles of force generally, 
for all the phenomena of nature l(>ad us to believe that the great 
and governing law is one. Thus gravitation can only be con* 
sidered as part of a more general force whose law has yet to be 
discovered. 

The definition of the gravitating force immediately suggests 
the question of Low it is transmitted; the full force of that 
question was fei" by Newton himself when, in Lift third letter to 
^ntley, he wrote, “ That gravity should be innate, inherent, 
and essential to matter, so that one^body may act upon another 
at a distance, through a vacuum^ without the mediation of any- 
thing else by and through Vhich their action and foice may be 
conveyed from one to another, is to me so great an absurdity 
that I believe no man who has in philosophic matters a competent 
faculty of tUiiiking can ever fall into it. Giavity must be caused 
by an agent, acting constantly according to certain laws ; hut 
whether this agent be material or immaterial 1 have left to the 
consideration of my readers.” 

Since Newton’s time the continual decrease in the periodic 
times of the comets belonging to our system, and the undulatory 
theory of light and heat, have proved the existence of an extremely 
rare elastic medium filling space even to the most distant regions 
of which we are cognizant. But, rare as it may be, it has inertia 
enough to resist the motion of comets, and therefore must be 
material, whether considered to be ether or, according to Mr. 
Grove, the highly attenuated atmospheres of the celestial bodies. 



056 


ETHEREAL MEDIUM MAGNETIC. Sect. XXXIV. 


Professor William Thomson of Glasgow has cdinputod that in the 
space traversed by the earth in its annual revolution, a, cube 
whose side is ^1000 miles would contain not less than a pound 
weight of the* ethereal medium, and that the earth, in moving 
through it, would not displace the *250th part oAliii/^ pound of 
matter. Yet that is enormously more dense thmi the con- 
tinuation of the earth’s atmosphere would be in interplanetary 
space, if rarefied according to Bayle's law. But whatever be 
the density or nature of the ether, there is evpry reason to be- 
lieve that it is the medium which transmits the gravit^ng force 
from one celestial object to another, or possibly it may possess 
a higher attribute with regard to gravity than its mere trans- 
mission. 

Dr. Faraday, who discovered the n\agnctism of the atmosphere, 
Is led to believe that the ethereal medium too is magnetic by the 
following exi)erimcnt. Three solutions of the protosulphate of 
iron, Z, wi, n, the first of which contained 4 grains of the salt 
dissolved in a cubic inch of water, the second 8 grains, and the 
third IG grains — these were respectively enclosed in three glass 
t^lobulos, all of which were attracted by the pole of a magnet. 
A quantity of the mean solution m was then put into a vessel, 
and the globule containing the strongest solution n was immersed 
in it, which was attracted as before, but the globule Z, containing 
the weakest solution, was repelled when plunged into the same 
liquid. Here there was a diamagnetic phenomenon, althougli 
*lhe glass globules and the liquid in which they were immersed 
contained iron. The effect was evidently differential, for when 
the liquid was less attracted than the globule, the globule ap- 
proached the pole, and when the liquid was more attracted than 
the globule, the Ifittor api)oarcd to recede from the pole. In 
fact, the effect, is the same as that of gravity on a body immersed 
in water ; if it be more forcibly attracted than the water, it 
sinks ; if less forcibly attracted, it rises, the effect being tlie same 
as if it were repelled by the earth. Hence the question, are all 
magnetic phenomena the result of a differential action of this 
kind, and is the ethereal medium less strongly attracted than 
soft iron, and more strongly attracted than bismuth, thus per- 
mitting the approach of the iron, hut causing the bismuth to 
recede from the pole of a magnet ? If such a medium exist, that 
is, if the ethereal medium be magnetic, then diamagnetism is 
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the same with paramagnetism, and the polarity of the magnetic 
force in iron and bismuth is one and tlie same. 

The ethereal medium may be presumed to transmit the gravi- 
tating force ; transmits the magnetism of^ the solar six)ts, its 
undulatioiili^constitute light,* beat, and all the influences bound 
up in tho solar beam ; and the most perfect vacuum we can make 
is capable of transmitting mechanical energy in enormous quan- 
tities, some of which differ but little from that of air or oxygen 
at an ordinary barometric pressure ; and why not thus admit, says 
Mr. Thomson, the magnetic x)rcy^rty, of which wc know so little’ 
that*W6 have no right to pronounce a negative ? 

Mr. ^yaterstone is also of opinion that it would be taking too 
narrow a view if w^e limited the function of the luminiferous 
ether to the conveying of physical pulses only. The atmosphere 
also conveys physical pulses, but that is the least imi^tant of 
its functions in the economy of nature. There is nothing that 
should hinder us attributing to the media concerned in the 
radiation of light and heat the higher functions of electrical 
polarity and gravitation. Tlie special dynamic arrangements 
by which this is effected may ever elude our research ; but as 
tWo is no limit to the via viva (N. 222) which such media 
may conserve in their minutest parts, so there is no physical 
impossibility in that vis viva being suddenly transferred to the 
molecules of ordinary matter in the proportion and sequence 
required to carry out the order and system of nature. 

The fundamental principle of action in such media must be 
in accordance with elastic iinpact^ for upon that the dynamic 
theory of heat and conservation of force rests as a foundation. 
The statical and dynamical characteristics of gravitation and 
transfusion of force conform to it, so that all the forces that 
hold the molecules of bodies together must also be in subjection 
to it.* 


# Phil, Mag. for May 1858. 
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Ethereal Medium — Comets — Do not disturb .the Solar System — Thdr 
Orbits and Disturbances — M. Faye* s Comet probably the same with 
Lexel^s — Periods of other three known — Acceleration in the mew 
Motions of Encke’s and Bicla’s Comets — The Shock of a Comet — Dis- 
turbing Action of the Earth and Planets on Encke*s and Biela’s Comets 
— Velocity of Comets — The Comet of 1264 — The great Comet of 
1343 — Physical Constitution — Shine by boiTowed Light Estima- 
tion of their Number. 

In considering the constitution of the earth, and the fluids which 
surround it, various, subjects have presented themselves to our 
notice, of which some, for aught we know, are confined to the 
planet we inhabit ; some are common to it and to the other bodies 
of our system. Bi\t an all-pervading ether must fill the whole 
visible creation, since it conveys, in the form of light, tremors 
which may have been excited in the deepest recesses of the 
universe thousands of years before we were called •into being. 
The existence of such a medium, though at first hypothetical, is 
proved by the undulatory theory of light, and tendered certain 
by the motion of comets, and by its action upon the vapours of 
which they are chiefly composed. It has often been imagined * 
that the tails of comets have infused new substances into our 
atmosphere. Possibly the earth may attract some of that 
nebulous matter, since the vapours raised by the sun’s heat, 
when the comets are in i)erihelio, and which form their tails, are 
scattered through space in their i)as8age to their aphelion ; but it 
has hitherto produced no effect, nor have the seasons ever been 
influenced by these bodies. The light of the comet of the year 
1811, which was so brilliant, did not impart any heat even whefi 
condensed on the bulb of a thermometer of a structure so delicate 
that it would have made the hundredth part of a degree evident. 
In all probability, the tails of comets may have passed over the 
earth without its inhabitants being conscious of their presence ; 
and there is reason to believe that the tail of the great comet of 
1843 did so. M. Valz observed that the flight of . a brilliant 
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comet was eclipsed as it passed over a star of the 7th magnitude, 
whence M. Babinet computed that the light of the comet must 
have been sixty times less than that of the star, and that 
matter so attenuated could not penetrate the earth’s atmosphere, 
but the c#iytitiition of these bodies is stitt a matter of conjecture. 

The passage of comets has never sensibly disturbed the stability 
of the solar system ; their nucleus, being in general only a mass of 
vapour, is so rare, and their transit so rapid*, even when they had 
a solid part*, that the titne has not been long enough to admit of a 
^Sj^cient accumulation of impetus to produce a perceptible action, 
ilfineed, M, Dusejour has shown that, under the most favourable 
circumstances, a comet cannot remain longer than two hours and 
a half at a less distance from the earth than 10,500 leagues. The 
comet of 1770 passed within about six times the distance of the 
moon from the earth, without even affecting our tides. According 
to La Place, the action of the earth on the comet of 1770 aug- 
mented the period of its revolution by more than two days ; and,* 
if comets had any perceptible disturbihg energy, the reaction of 
the comet ought to have increased the length of our year. Had the 
mass of that comet been equal to the mass of the earth, its disturb- 
ing action would have increased the length of the sidereal year by 
2** 53"* ; but, as Delambre’s computations from the Greenwich 
observations of the sun show tliat the length of the year has not 
been increased by the fraction of a second, its mass could* not 
have been equal to the sj^th imrt of that of the earth. This 
accounts for the same comet having twice. swept thi-oiigh the 
system of Jupiter’s satellites without deranging the motion of 
these moons. M. Dusejour has computed that a comet, equal in 
mass to the earth, passing at the distance of 12,150 leagues from 
our planet, would increase the length of the year to 367** 16** 6“*, 
and the obliquity of the ecliptic as much as 2°. So the principal 
action of comets would be to alter the calendar, even if they were 
dense enough to affect the earth. 

Comets tvaverse all parts pf the heavens ; their paths have 
every possible inclination to the plane of the ecliptic, and, unlike 
the planets, the motion of more than half of tliose that have 
appeared has been retrograde, that is, from east to west. They 
are only visible when near their perihelia ; then their velocity is 
such, that its square is twice as great as that of a body moving 
in. a circle at the same distance : they consequently remain but a 
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very short time within the planetary orbits. And, as all the 
conic sections of the same focal distance sensibly coincide, through 
a small arc, on each side of the extremity of their axis, it is diffi- 
cult to ascertain in which of these curves the comets move, from 
observations made, as Uiey necessarily must be, near ^‘lieir peri- 
helia (N. 227). Probably they all move in extremely excentric 
ellipses ; although, in most cases, the parabolic curve coincides 
most nearly witli tliMr observed motions. Some few seem to 
describe hyixirbolas ; such, being once visible to us, would vanish 
for ever, to wander through boundless 8i>ace, to the remote 
systems of the universe. If a jdanet be supi)osed to revolve in a 
circular orbit, whose radius is equal to the ix*rihclion distance Of 
a comet moving in a ixiruMa, the areas described by these two 
bodies in the same time will be as unity to tjie square root of 
two, which forms aucli a connexion between the motion of comets 
and planets, that, by Kepler’s law, the ratio of the areas descrilied 
during the same time by the comet and the earth may he foTjad ; 
so that the place of a comet may be computed at any time in iU 
jiarabolic orbit, estimated from the instant of its imssage alftbe 
perrlicliou.. It is a problem of very great difficulty to determine 
all the other elements of parabolic motion — namely, the comet’s 
perihelion*distance, or shortest distance from the sun, estimated 
in parts of the mean distance of the earth from the nun ; the 
longitude oi the perihelion ; the iuclination of the orbtt on the 
plane of the eclii)tic ; and the longitude of the ascending node. 
Three observed longitudes aiid latitudes of a comet are sufficient 
for computing the approximate values of these quantities ; but 
an accurate estimation of them can only be obtained by successive 
corrections, from a numl)er of observations, distant from • one 
another. When the motion of a comet is retrograde, the place of 
the ascending node is exactly opposite to what it is when the 
motion is direct. Hence the place of the ascending node, together 
with Qhe direction of the comet’s motion, show whether the 
inclination of the orbit is on the north or south side of the plane 
of the ecliptic. If the motion be direct^ the inclination is on the 
north side ; if retrograde, it is on the south side. 

The identity of the elements is the only proof of the return of 
a comet to our system. Should the elements of a new comet he 
the same, or nearly the same, with those of any one previou^ily 
known, the probability of the identity of the two bodies is very 
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great, since the similarity extends to no less than four elements, 
every one of which is cai)able of an infinity of variations. But, 
even if the orbit be determined with all the accuracy the case 
admits of, it ^nay be difficult, or even impossible, to recognize a 
comet. orf/ts return, because its orbit would be very much 
changed if it passed near any of the large planets of this or of 
any other system, in consequence of their disturbing energy, 
which would bo very great on bodies of so rare a nature. 

By far tlie most curious and interesting instance of the*disturb- 
ing action of the great bodies of our system is found in llie comet* 
of 1770. The elements of its orbit, determined by Messier, did * 
not agree with those of any comet that had hitherto been com- 
piittnl, yet Lexel ascertained that it described an ellipse about 
the sun, wliose major axis was only equal to three times the 
length of the diameter of the terrestrial orbit, and coiAequentl}" 
that it must return to the sun at intervals of five \ ears and a half. 
Thio result was confirmed by numerous observations, as tlie comet 
was visible through an arc of ITO'"; }ct this comet had never 
been* observed before Ac year 177(), nor has it i‘\er again^ been 
seen litV 1843, tliuujrh very brilliant. The disturbing action of 
the larger planet, afibrd.s a solution of this anomaly, as Lexel 
ascertained that in 1707 the comet iniist ha\e jiasscd Jupiter at 
a distance less than the fifty-(*ighth jjartof its distance from the 
sun, and that ih 1779 it would bo fiOi) times nearer Jupiter than 
tJie sun ; consequently the action oC the sun on the comet wouhl 
not be the fiftieth.part of what it would experience from Jupiter, 
so that Jupiter liecame the primiim mobile. Assuming the orbit 
to be such as Lexel had determined in 1770, La Place found that 
file action of Jupiter, previous to tlie year 1770, had so completely 
changed the form of it, that the comet which bad been invisible 
to us before 1770 was then brought into view, and that the 
action of the same planet, producing^a contrary effect, has ‘“ubsc- 
queutly to that year removed it from our sight, since it ‘was 
computed to bo revolving in an orbit whose perihelion w^as 
beyond the orbit of Ceres. However, the action of Jupiter during 
the summer ot 1840 must have been so great, from his proximity 
to that singular body, that he seems to have brought it back to 
its former path as he bad done in 1767, for the elements^of the 
orbit of a comet which was discovered ip November 1843, by M. 
Faye, agree so nearly with those of the orbit of LexeFs comet 

R 
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that the two bodies weie supposed to be ideutii^l ; by the subse- 
quent computation of M. le Verrier, it appears, hpwever, that 
they are not the same, that they were both brought to our system 
by Jupiter’s attraction, and that they have been iu it more than a 
century, and have frequently come near the earth witl^out having 
been seen. From tiie smallness of the excen tricity of Lexers 
comet, the orbit resembles those of the planets, but ^is comet is 
liable to greater perturbations than any other body in the system, 
because it comes very near the orbit of Mars when in perihelion, 
und very near that of Jupiter A\hea in aphelion ; l)esides, it j^asses 
*within a comj^aratively small distance of the orbits of tHe minor 
planets ; and as it will continue to cross the orbit of Jupiter at each 
revolution till the two bodies iiieet, its periodic time, now about 
seven years, will again be changed, but in the mean time it ouglit 
to have rotunied to its perihelion in the year 1851. This comet 
might have been seen from the earth in 1776, had its light not 
been eclijised by that of the sun. There is still so much doubt 
with regard to Lexel’s comet that during the present year, 1858, 
M. le Verricr has constructed a table of all the orbits in which 
the comet may have moved after leaving Jupiter in 1770^# which 
will enable astronomers to recognise the comet even should the 
elements of its orbit he much altere<l. He thinks it possible 
that its path may have become hyixirbolic, but that it Jo ^ more 
likely an ancmieutation of its |)ei iodic time may have ta^^^lacc. 
It is quite i»ossiblc tliat comets Ireqiiciitiug our system "^nay be 
turned away, or others brought to tlie sun, by the attraction of 
planets revolving beyond the orbit of Ncpflinc, or by bodies still 
farther removed from the solar inlluence. 

•other comets, liable to less distui banco,’ return to tlie sun 
at stated intervals. Halley computed the elements of the orbit 
of a comet that appeared in the year 1682, which agreed so 
nearly with those of the comets of 1007 and lf)3l, that he con- 
cluded it to be the same liody returning to ^ sun at intervals 
of about seventy-five years. He consequently predicted its 
reappearance in the year 1758, or in the beginning of 1759. 
Science was not sufficiently advance^l in the timtfof Halley to 
enable him to determine the ix^rturbations this comet might 
experience ; but Clairaut computed that, in consequence of the 
attraeflon of Jupiter and Saturn, its periodic time would be so 
much shorter than during its revolution between 1607 and 1682, 
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that it would pads its pdVihelion on the 18th of April, 1769. The 
comet did arrive at that point of its orbit on the 12th of March, 
which was thirty-seven dajs befoie the time assigned Clairaut 
subsequently Mucqd the error to twenty-three days , and La 
Place has sidice sliown that it would only have been thii teen days 
if the mass of Saturn had been as well known as it is now. It 
appears, fiom this, that the path of the comet was not quite 
known at that peiiod, and, although many obscriations wcie 
then made, they were far from attaining the accurac> of those of 
the present day. Besides, since the jcai 1759, the oibit of the 
comet has been alteicd b} the attraction of Jupiter in one 
diiection, and that of Satin n, Uiamis, and Ne])tijnc in tlv other, 
yet, notwithstanding these sources of unccit iinty , ind oui igno-, 
ranee of all the jiossible causes of deringtintui fioin unknown 
bodies on the confines of our system, oi in tlic logions b(\ond it, 
the comet appeared exactly at the time, and not far fioin the 
place, assigned to it by astrommicrs , and its actual ain\al at 
its pciibelion a little bcfoie noon on the It th ct Xo\cinlxr, lh35, 
only <hfiered from the conipuhd tunc by a \ (iy lew da\s, which 
was ])iobably owing to tlu ittiac tiou ot j>tunc 

The fulfilment this astiononiicil picdiction is tiul} wondti- 
ful, if it be coii^KUrcd tint the comet is seen onl\ foi a lew 
weeks during its passage thioiijjh oui sxstcni, and tint it wan- 
ders from the sun foi sc\tnty-fi\e xciis to twice the distance of 
U I anus Tins enoimous oibit is foui times longei than it is 
broad , its length is about 3120 millions of milts, oi aboui 
thirU-8i\ times the mean distincc ot the tartli from the sun. 
At its perihelion the comet tomes within neaily fifty-seAeil 
millions of miles of tlu sun, and at its aphelion it is sixty times 
more distant. On aceoimt ol Ibis extensne langc it must cx- 
lierienee 3600 times more liglit and heat when nearest to the sun 
than m the most r$|note point of its oibit In the one portion 
the sun will seem tb bo foui times laiger than he apjiears to us, 
and at the other he will not be apparently largei than a star 
(N. 228.) 

On the first apiicarance of Halley’s comet, earl} m August 
1835, it seemed t6 be merely a globulai mass of dim vapour, 
without a tail. A conccutiation of light, a little on one side of 
the centre, increased as the comet approached the sun and eartli, 
and latterly looked so like the disc of a small planet, that it 
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might have been mistaken for a solid nucleus. ' M. Struve, how- 
ever, saw a central occultation of a |»tar of the ninth magnitude 
by the comet, at Dorpat> on the 29th of September, The star 
iiemained constantly visible, without any considerable diminution 
of light ; and, instead of being eclipsed, the nucleus c^the comet 
disappeared at the moment of conjunction from the brilliancy j(||| 
the star. The tail increased as the comet approached its pel® 
helion, ami shortly before it was lost in the sun’s rays it wa®; 
between thirty and forty degrees in length. \ 

According to the obser\*Ltions of IVI. Valz, the nebulosity 
increased ■ in magnitude as it a])proachcd the sun ; but no 
other comet on record has exhibited such sudden and. unac- 
countable changes of asi)€ct. It was invisible for two months 
when near its jx^rihelion passage, and whcjjt;^it-,reapix‘ardd on 
the 24t}i of January, 1836, its aspect was completely changed ; 
it had no tail, and to the naked eye was like a hazy star ; but 
with a j)ovverful telescope it presented a small, round, planetary- 
looking nucleus 2" in diameter, surrounded by an extensive 
coma, and in the centre it liad a small, bright, solid p^rt, Tlje 
nucleus, clear and well defined, like the disc of a$ji^et, was 
’observed on one occasion to bix^omc obscure and eiili^ged in the 
course of a few hours. But by far the most remarkable ciT(;um- 
stance was .the sudvlcii appeafance t»f cert.ain luminous brushes 
or sectors', diverging from the centre of the nucleus through the 
nebulosity. M? Struve descriV)os the nucleus of the comet, in the 
iHJginning of October, as elliptical, and like a burning coal, out of 
Avhich there issued, in a direction nearly opposite to the tail, a 
divergent flame, varying in intensity, form, and direction, appear- 
ing occivsionally even double, and suggesting the idea of luminous 
gas bursting from the nucleus. On one occasion M. Arago saw 
three of these divergent flames on the side opposite the tail, rising 
throtigh the nebulosity, which they greatly e|^|^d in brilliancy : 
after ^the comet had ))assed its perihelion, ilHMired another of 
these luminous fans, which was observed hfWt John Herscliel 
at the Cape of Good Hope, HcvcUus describes an apfiearancc 
precisely similar, whicli he had witnessed in this comet at its 
approach to the sun in the year 1682, and something of the kind 
seems to have been noticed in the comet of ,1744. Possibly tlie 
second tail of the comet of 1724, which was directed towards the 
sun, may have been of this nature. 
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I'hc influence of the ethei*eal medium on the motions of Halley’s 
comet will ho l^nown after another revolution, and future as- 
tronomers will learn, by the ^accuracy of its returns, whether it 
has met with any unknown cause of disturbance m its distant 
journey, ^Undiscovered planets, beyond the visible boundary of 
our system^inay change its path and the ^xiriod of its revolution, 
and thus may indirectly reveal to us their existence, and even 
their physical nature and orbit. The secrets of the yet more 
distant heavens may ho disclostnl to future generations by comets 
which penetrate still farther into space, such as that of 1763, 
which, if any faith may be placed in the computation, goes nearly 
forty-three times farther from the «iiii than Halley’s does, and 
shows that the sun’s attraction is ]X)werful cnougVi, at the enor- 
mous distance of 15,fi00 millions of miles, to recall the comet 
to its ptirihelion. The iK;riods of some comets arc said to be of 
manythousand years, and even the average time of the revolu- 
tion of comets generally is about a thousand years ; wliich proves 
that the sun’s gravitating force extends very far. La Place 
^estimates that the so^ar attraction is felt throughout a sphere 
whose radius is a hundred millions of times greater than the dis- 
tance of the earth from the sun. 

Authentic recoi-^s of Halley’s cgmet do not extend beyond the 
year 1456, yet it may he traced, with some degree of jaobnbility, 
even to a period preceding the Christian era. Iliit as the evi-’ 
dence only rests upon coincidences of its }x?riodic time, which 
may vary as much as eighteen months from the'disturbing action 
of the planets, ita identity with cornets of such remote times must 
be regWded as extremely doubtful. 

This is the fii st comet whose periodicity lias been established. 
It is also the first whose elements have l)een determined from 
oliscrvations made in Europe ; for, although the comets which 
ap]v,ared in the 240, 539, 565, and 837, are the most an- 
cient of those wb^jlferbits have been traced, their elements were 
computed from observations. 

Besid^ Halley’S atid Tioxel’s comets, ten or twelve others are 
now known to form ])art of tlie solar system ; that is to say, they 
return to the sun at stated periwls. Six of themliave i^riods of 
less than eight years. That generally called Encke’s comet, or 
the comet of the short period, was first seen by MM. Messier and 
Mcchain in 1786, again by Miss Herschel in 1805, and its returns, 
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in the years 1805 and 1819, were ol)8erved by other astronomenfi, 
under tbe impression that all four were diflerent bodies. However, 
Professor Encke not only proved %eir identity, but determined 
the circumstances of the comet’s motion. Its reappearance in the 
years 1825, 1828, and 1832, accorded with the orbit assigned by 
M. Encke, who thus established the length of its I'teriod to be 
1204 days, nearly. This comet is very small, of feeble light, 
and invisible to the naked eye, except under very favourable 
circumstances, and in particular positions.' It has no tail, it 
revolves in an ellipse of great excentricity inclined at an angle of 
13^ 22' to the plane of the ecliptic, and is subject to considerable 
perturbations from the attraction of the planets,, which occasion 
variations in its periodic time. Among the many perturbations 
to which the planets are liable, their mean motions, and therefore 
the major axes of their orbits, experience no change \ while, on 
the contrary, the mean motion of the moon is accelerated from 
age to age — a circumstance at first attributed to the resistance of 
an ethereal medium pervading space, but subsequently proved to 
arise from the secular diminution of the excentricity of tbtfeer- 
restrial orbit. Although the resistance of such a -medium has 
not hitherto been perceived in the motions of such dense bodies 
as the planets and satellites, it;^ efi'ects on the revolutions of the 
comets leave no doubt of its existence. From the numerous 
* observations that have been made on. each return of the comet of 
the short period, the elements have been coeftputed with great 
accuracy on the hypothesis of its moving in vacuo. Its per- 
turbations occasioned by the disturbing action of the planets 
have been determined ; and, after everything that could influence 
its motion had been duly considered, M. Encke found that an 
acceleration of about two days in each revolution has taken place 
in its mean motion, precisely similar to that which would be 
occasioned by the resistance of an ethereal tnedium. And, as it 
cannot bo attributed to a cause like that ;^bich produces the 
acceleration of the moon, it must be conclui^ that the celestial 
bodies do not perform their revolutions in an absolute void, and 
that, although the medium be too rare to have a semrible* effect 
on the masses pf the planets and satellites, it nevertheless has a 
considerable influence on so rare a body as a comet. Contra- 
dictory as it may seem that the motion of a body diould be 
accelerated by the resistance of an ethereal medium, the truth 
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becomes evident if it.be considered that both planets and comets 
are retained in their orbits by two forces which exactly balance 
one another ; namely, the centrifugal force producing the velocity 
in the tangent, and the attraction of the gravitating force directed 
to the centre<of the sun. If one of these forces be diminished by 
any causey the other will be proportionally increased. Now, the 
necessary effect of a resisting medium is to diminish the tan- 
gential velocity, so that the balance is destroyed, gravity pre- 
ponderates, the body descends towards the sun till equilibrium 
is again restored between the tw’o forces ; and, as it then describes 
*a smaller orbit, it moves with increased velocity. Thus, the 
resistance of an ethereal medium actually accelerates the motion 
of a body ; but, as the resisting force is confined to the plane of 
the orbit, it has no influence whatever on the inclination of the 
orbit, or on the place of the nodes. In computing its effect, M. 
Encko assumed the increase to be inversely as the square of the 
distance, and that its resistance acts as a tangential force pro- 
portional to the squares of the comet’s actual velocity m each 
point of its orbit. Another comet belonging to our system, 
which returns to its i)erihelion aft^r a period of 6| years, has 
been accelerated in its motion by a whole day during one revolu- 
tion, which puts the existence of ether beyond a doubt, and con- 
firms the undulatory theory of light. Since this comet, which 
revolves nearly between the orbits of the earth and Jupitfer, is 
only accelerated one day at each revolution, while Encke’s, 
revolving nearly between the orbits of Mercury and Pallas, is 
accelerated two, the ethereal medium must increase in density 
towards the sun. The comet in question was discovered by M. 
Biela at Josephstadt on the 27th of February, 1826, and ten 
days afterwards it was seen by M. Gambart at Marseilles, who 
computed its parabolic elements, and found that they agreed 
with those of the comets which had appeared in the years 1 780 
and 1795, when<^ he concluded them to be the same body mov- 
ing in an ellipse, Wd accomplishing its revolution in 2460 dayA 
The perturbations of this comet were computed by M. Damoiseau, 
who predicted that it would cross the plane of the ecliptic on the 
29th of October, 1832, a little before midnight, at a point nearly 
18,484 miles within the earth’s orbit ; and as M. Olbers of Bremen, 
in 1806, had determined the radius of the comet’s head to be 
about 21,136 miles, it was evident that its nebulosity would 
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envelop a iwrtion of the earth’s orbit, — cir^umstanct' which 
caused some alarm in Franas from the notion that, if any dis- 
turbing cAuse had delayed the atrival of the comet for one month, 
the earth must have ]>assed through its head. M. Arago dis- 
those fears by his excellent treatise on comets, in the 
Annuaire of 18J12, where he proves that, as the would 
never be nearer tlie comet than 18,000,tXX) llritish leagues, there 
could be 110 danger of collision. The earth is in more danger 
.from these two small coinet|p^han Irorn any other. Encke’s 
crosses the thrrestrial orbit >ixty times in a century, and may 
ultimately come into collisiou, hut l>oth are so extremely rare, * 
that little injury is to lx* aiii^rehciuled. 

The e.arth would fall to the sim in <14^ days, if it were struck 
by a comet with suflicient impetus to destroy its ctuitrifugal 
force. What the earth’s primitive velocity may have been it is 
imix)ssil)le to say. Therefore a comet may have given it a shock 
without changing the axis of rotation, but only destroying part 
of its tahgential velocity, so as to diminish the size of the orbit — 
a thing by no means impossible, though highly improbable. At 
all events, there is no proof of this having occurred; and ft is 
manifest that the axis of the earth’s rotation has not Ixien changed, 
because, as the ether offers no sensible resistance to so dense a 
body as the earth, the libration would to this day 1)0 evident in 
the variation it must have occasioned in the terrestrial latitudes. 
Supposing the nucleus of a comet to have a diameter only equal 
to the fourth part of that of the earth, and that its perihelion is 
nearer to the sun than we are ourselves, its orbit being otherwise 
unknown, M. Arago has computed that the probability of the 
earth receiving a shock from it is only one in 281 millions, and 
that the chance of our coming in contact with its nebulosity is 
about ten or twelve times greater. Only comets with retrograde 
motions can come into direct collision with the eartb, and if the 
momentum were great the event miglit bo fatal ; but in general 
the substance pf comets is so rare, that it is likely they would 
not do much harm if they were to impinge ; and even then the 
mischief would probably he local, and tlie equilibrium soon re- 
stored, provided the nucleus were gaseous, or very small. It is, 
however, more probable that the earth would only be deflected a 
little from its course by the approach of a comet, without being 
touched by it. The comets that have come nearest to the earth 
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were that of the year 837, whi^h remained four days within less 
than 1,240,000 leagues from our orbit : that of 1770, which 
approached within about six times the distance of the moon. 
The celebrated comet of 1680 also came very near to us; and 
the comet whoso period is 6 J years was ten times nearer the earth 
in 1805 tijan*in 1832, when it caused so much alarm. 

Enckc’a^and Biela’s comets are at present far removed from 
the influence of Jupiter, but they will not always remain so, 
because, the aphelia and node|^f the orbits pf these two 
comets being the points which T^proacli nearest to the orbit 
of Jupiter at each meeting of the planet and comets, the 
major axis of Eucke’s comet will he increased and that of 
Bicla’s diminished, till in the course of time, wlicn the proxi- 
mity 'hfis increased sufficiently, the oi^its will bo completely 
changed, as that of Lexcl’s was in 1770. Every twenty-third 
year, or after seven revolutions of Encke’s cometf its greatest 
proximity to Jupiter takes place, and at that time his attraction 
increases the period of its revolution by nine days— a circum- 
stance which took place in the end of the years 1820 and 1843. 
But 4rom the jiosition of the bodies there is a diminution of three 
days in the six following revolutions, which reduces the increase 
to six days in seven revolutions. Thus, before the year 1819,^ 
the periodic time of Encke’s comet was 1204 days, and it was 
1219 days in accomjdishing the revolution that ended in 1845. 
By this progressive increase the orbit of the comet will reach 
that of Jupiter in seven or eight centuries, and then by the 
very near approach of the two bodies it will be completely 
changed. . 

At present the Earth and Mercury have the most powerful 
influence on the motions of Encke’s and Bielas comets; and 
have had for so long a time that, according to the computation 
of Mr. Airy, the present orbit of the latter vras formed by the 
attraction of the Earth, and that of Encke s by the action of 
Mercury. With regard to the latter comet, that event must 
have taken place in February 1776. In 1786 Encke’s comet 
had both a tail and a nucleus, now it has neither ; a singular 
instance of the possibility of their disappearance. It was in 
pcrihelio in 1855. 

In 1846 Biela’s comet was divided into two distinct bodies, ' 
by what strange accident is altogether a mystery. The nuclei 
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of {be two comets were sejwirated by about 150,000 miles, aud 
they travelled together with their tails jwiraUel, and an arch of 
’ light over their heads. Till that time Biela’s comet never had 
been seen with a tail. The new head was dull at firsts but in* 
cit^osed in size and brightness till it surpassed its companion in 
both ; besides, it bad a bright flashing diamoud-lilfe p<dnt in its* 
centre — ^gradually \i resumed its dull appeamnee, andFits period 
was computed to he eight days longer than that of the original 
head. ThoY' had separated^> a greater distance from one 
another in 1853, but were stiPtravclling together, one Laving 
l)eoome smaller than the other. 

A comet discovered by M. Brorsen of Kiel, on the’ 26th of 
February, 1846, came, on the 20tb of xVpril following, nearly as 
close to Jupiter as bis fourth satellite, when Jupiter’s attraction 
must have been tfin times greater than that of the sun; so there 
is every reason to believe that the comet’s orbit will be as much 
altered as that of Lexel’s ; and another discovered by Padre de 
Vico at Home, on the 22nd of August, \v*ill, in all probability, be ' 
as much disturbed by the, same cause. One of the comets found 
by that astronomer has a perioil which varies, according to 
difleront computations, from 55 tp 99 years; it <^rtaiip^y has 
an elliptical orbit. That discovered at Naples M<^*|?eter8 
revolves about the sun in 16 j’ears ; but Olbers’s comet of 
1815 must go nearly the same distance into space with Halley’s, 
since its period is 74 years. Two discovered by M. Brorsen have 
periods, one of 500 and the other of 28 years ; but of the latter 
there is some uncertainty. 

The comet which appeared in ] 590 and 1845 has a period of 
249 years ; and should M. Argelander’s computation be accurate, 
the orbit which has hitherto been assigned to the great comet of 
1811^ must be erroneous, since he has ascertained its period to 
be 3066 years. 

The great comet of 1264, which had a tail that extended over 
100® of tne celestial vault, was observed and recorded by the 
Chinese, and was ascertained to be the same .that had appeared 
in 1556, and of whose motions observations were taken at 
Vienna in the reign of the Emperor Charles V., but it was then 
less brillisfnt. In consequence of the discovery of the original 
observations of the comet of 1556, by Fabriciua at Vienna, and 
by Heller at Nuremburg^ Mr. Hind was induced to compute its 
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orbit for that year; but after much labour, aided by all the 
improved methods of calculation,* he found Heller's observations 
so confused, and even erroneous, that he could not determine the 
curve described by the comet at that time with any precision, 
^d therefo|;p could only predict that the epoch of its. return 
would be some time between JL848 and 1861. Before comets 
reach thi sun they are rarely conspicuous ; but if after passing 
their perihelion they come near the earth, then ^ey have tails, 
and become brilliant in consequj| 5 e of the sun’s action upon the 
matter of which they are formedr Now if the comet in question 
should pass its iierihelion between the months of March and 
October, it possibly may be as remarkable as ever ; but should 
it come nearest to the sun in winter, such is tjie i)Osition of its 
orbit with regard to the earth, that it may pass unnoticed — 
which is very unlikely, as search is being made for it at almost 
all the observatories in Europe arid in the United States. Nearly 
the whole of its orbit lies below the plane of the ecliptic, and 
fai; from the paths of the larger planets, but it extends into space 
more than twice tlie distance of Neptune, or nearly six thousand 
miHions of miles from the sun. 

Comets in or near tlieir perihelion move with prodigious velo- 
city. That oi' 1680 api)ears to have gone half round the sun in 
ten hours and a half, moving at the rate of 880,000 miles an 
hour; If it.s enormous centrifugal force hffd ceased when passing 
its perihelion, it would have fallen to the sun in about three 
minutes, as it was then less than 147,000 miles from his sur- 
face. So near the sun, it ^vould be exposed to a heat 27,600 
times greater than that received by the earth ; and as the sun’s 
heat is sup|)Osed to be in proportion to the intensity of his light, 
it is probable that a degree of heat so intense would be sulBcient 
to convert into vapour every terrestrial substance* with which 
we are acquainted. At the perihelion distance the sun’s diameter 
would be seen from the comet under an angle of 73°, so that the 
sun, viewed from the^ comet, would nearly cover the whole extent 
of the heavens from the horizon to the zenitli. As this comet is 
presumed to have a period of 575 years, the major axis of its orbit 
must be so great, that at the aphelion the sun’s diameter would only 
subtend ap angle of a^ut fourteen seconds, which is not so great 
by half as the diameter of Mars api)ears to us when in opposition. 
The sun would consequently impart no heat, so that the comet 
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>yoiild then b<i exposed to the tempefatn'ro of the ethereal i*egions, 
which is 239® below the zero point of Fahrenheit. A body of 
such tenuity as the comet, moving, with such velocity, must 
liave met with great resistance from the dense atmosphere of the 
sun, wjiile passing so near his surface at its i“»erilielion. The 
centrifugal force n^st consequently have been diminished, and 
the sun’s attraction ]>ro)Wtionally augmented, so that it must 
have come neater to the sun in 1080 than in its preceding revo- 
lution, and would subsequently describe a smaller orbit. As 
this diminution of its orbit will he repeated at each revolution, 
the fcomet will infallibly eifd by falling on the surface of tlie sun, 
unless its course lx? changed by the disturbing influence of some 
large hody in the unknown exjmnse of creation. Our ignorance 
of the actual density of the sun’s atmosphere, of the density of 
the comet, and of the period of its revolution, renders it impos- 
sible to form any itlea of the number of centuries which must 
elapse before this event takes place. 

The same cause may affect the motions of the planets, and 
ultimately 1)0 the means of destroying the solar system. But, as 
Sir John HerSChel observes, they could hardly all revolve in the 
same direction round*#ic sun for so many ages withoillfc impress- 
ing a corresponding motion on the ethereal medium, which may 
preserve them from the accumulated eftects of its resistance. 
Should this material iitcdium revolve about the sun like a vortex, 
it will accelerate the revolutions of such comets as have direct 
motions, and retard tliosc that have rctrogiade motions. 

The comet which a])peared unex|x?ctedly in the beginning of 
the year 1843 was one of the mosl splendid that ever visited the 
solar system. It was in the constellation of Antinous in the 
end of January, at a distance of 115 millions of miles from the 
earth, and it passed through its yierihelion on the 27th of Feb- 
ruary, when it was lost in the sun’s rays ; hut it began to be 
visible about the 3rd of March, at which time it was near the 
star Iota Get®, and its tail extended towards the Hare. Before the 
yjassage at the perihelion it had no, tail ; but at that ejxxjh the tail 
suddenly darted out, and extended to a distance of 1826 millions of 
miles in about an hour and a half— a most inex])licable speed of 
development, which indicates some fx)werful repulsive force at the 
moment of the greatest proximity to the sun, at which time the 
tails are formed. . The brightness of the comet and the length 
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of its tail continued to increase till the latter stretched far be- 
yond the constellation of the Hare towards a point above Sirius. . 
Stars were distinctly seen through it, and when near perihelion 
*the comet was so bright that it was seen in clear sunshine, in 
the United States, like a white cloud. Ilie motion was retro- 
grade, a»d on leaving the solar system it re||:eated so rapidly at 
once from* the sun and wirth that it was soon lost sight of for 
want of light. On the 1st of April it was between the sun and the 
earth, and only 40 millions of miles from the, latter ; and as its 
tail was at least GO millions o(%iiles long, and 20 millions of 
miles broad, we probably passed thfpugh it without Ixung aware 
of* it. There is some discrepancy in the different computations 
of the elements of the orbit, but in the greater number of cases 
1 perihelion distance was found to be less tlian the seinidiameter 
the sun, so that the comet must have grazed his surface, If it 
dill not actually iuipinge obliquely on him. 

The perihelion distance of This comet differs little from that 
of the great comet of 1G08, which came so near the sun. Tlie 
motion of both was retrograde, and a certain resemblance in the 
two orbits makes it i)robable that they are the same bqely per- 
forming a revolution in 175 years. 

'rhough alroswly sowcdl acquainted with the motions of comets, 
we know noth i i ig of their physical consti tu tion . A vast number, 
es|)eoially of telescopic comets, are only like clouds or masses of 
vapour, often without tails. The head commonly consists of 
a concentrated mass of light, like a .planet, surrounded by a 
very transparent atmosi)here, and the whole, viewed with a 
telescojxj, is so diaphanous, that the smallest star may he seen 
even through the densest part of the nucleus ; in general their 
solid |)arts, when they have any, arc so minute, that they have no 
sensible diameter, like that of the comet of 1811, which appeared 
to Sir William Herschel like a luminous point in tlie middle of 
the nebulous matter. The nuclei, which seem to be foimed of 
the denser strata of that nebulous matter in successive coat- 
ings, are sometimes of' great magnitude. Those comets which 
ctime to the sun in the years 1799 and 1807 had nuclei whose 
diameters measured 180 and 275 leagues respectively, anc^ tlie 
second comet of 1811 had a nucleus 1350 leagues in diameter. 

It must, however, be stated that, as comets are generally at 
prodigious distances from the earth, the solid parts of the nuclei 
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appear like mere points of light, so minute that it is impossible 
to measure them with any kind . of accuracy, so that the 
astronomers often differ in the estimation of their size by <pe- 
half of the whole diameter. The transit of a comet acro^Hie^ 
sun would afford the best iuformation with regani to the nati^ 
of the nuclei. It was computed that such an event wai to take 
place in the year 1327 ; unfortunately the sun was hid' by clouds 
from the British astronomers, but it was examined atViviers and 
at Marseilles at the time the comet must have been projected on 
its disc, but no spot or cloud was to be seen, so that it miist have 
had no solid part whatever, i The nuclei of many which 

seemed solid and brilliant to the naked eye have bsith i^olved 
intamere vajx)ur by telescopes of high powers ; in Bliley’s comet 
there was no solid part at all. 

The nebulosity immediately round the nucleus is so diaphanous, 
that it gives little light ; hut at a •small distance the nebulous 
matter becomes suddenly brilliant, so as. to look like a bright 
ring round the body. Sometimes there are two or three of these 
luminous concentric rings separated by dark intervals, but they 
are gen^jrally incomplete on the part next the tail, 

These annular ap[)earanccs are an optical effect, arising from a 
succession of envelopes of the nebulous matter with intervals 
between them, of which the first is sometimes in 0911 tact with 
the nucleus and sometimes not. Tlie thickness of timse bright 
diaphanous coatings in the comets of 4799 and 1807 was about 
7000 and 10,000 leagues . rcs{)ectively ; and in the first comet of 
181 1 the luminous ring was 8000 leagues thick, and the distance 
l)etween its interior surface and the centre of the head was 10,000 

^ m ' 

leagues. The latter comet was by much the most brilliant that 
has l)een seen in modern times ; it was first discovered in this 
country by Mr. James Vietch of Inchbonny, and was observed in 
all its changes by Sir William Herschel and M. Gibers. To the" 
naked eye, the head had the appearance of an ill-defined round 
mass of light, which was resolved into several distinct imrts when 
viewed with a telescope. -A very brilliant interior circular mass 
of nebulous matter was surrounded by a black space having a 
parabolic form, very distinct from the dark blue of the sky. 
This dark space was of a very appreciable breadth. Exterior to 
the black interval there was \ luminous parabolic contour of 
considerable thickness, which was prolonged on each side in two 
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diverging branches, which formed the bifid tail of the comet. Sir 
William Herschel found that the brilliant interior circular mass 
lost the distinctness of its outline as he increased the magnifying 
power of the telescope, and presented the appearance of a more 
and more diffuse mass of greenish or blueish green light, whose 
intensity decreased gradually, not from the centre, but from an 
eccentridbrilliailt speck, supposed to be the truly solid part of the 
comet. Tlie luminous envelope was of a decided yellow, which 
contrasted strongly with the greenish tint of the interior nebulous 
mass. Stars were nearly veiled by the luminous envelo|>e, 
whilst, ou the contrary. Sir William Herschel saw three ex- 
tremely small stars shining clearly in the black space, which was 
singularly transparent. As the envelopes were formed in succes- 
sion as the comet approached the sun, Sir William Herschel con- 
ceived them to be vapours raised by his heat at the stirface of the 
nucleus, and suspended roliiid it like a vault or dome by the 
elastic force of an extensive and highly transparent atiUosphcre. 
Ill coining to the sun, the coatings began to form when the comet 
was as distant as the orbit of Jupiter, and in its return they very 
sopn entirely vanished ; but a new one was formed after it had 
retreated as far as the orbit of Mars, which lasted for a few days. 
Indeed, cornets in general are subject to sudden and violent con- 
vulsions in I heir interior, even when far from the sun, which 
produce .changes that are visible at enormous distances, and baffle 
all attempts at explanation— probably arising from electricity, or 
even causes with which we are 'unacquainted. The envelopes 
surrounding the nucleus of the comet ou the side next to the 
sun diverge on the opt>osite side, where they are prolonged into 
the form of a hollow cone, which is the tail. Two repulsive 
forces seem to be concerned in producing this effect ; one from 
the comet and anotlier from the sun, the latter being the most 
powerful. The envelo\xjs are nearer the centre of the. comet on 
the side next to the sun, where ^these forces are opposed to one 
another .; hut on the other side the forces conspire to' form the 
tail, conveying the nebulous particles to enormous distances. 

The lateral edges of the tail reflect more light than the central 
part, because the line of vision passes through a greater depth of * 
nebulous matter, which produces the effect of two streams some- 
what like the aurora. Stars shine* with undiminished lustre 
through the central part of the tail, because their rays traverse it 
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perpendicularly to its tliickness ; but, though distinctly seen 
through its edges, their light is weakened by its oblique trans- 
mission. The tail of the great comet of 1811 was of wonderful 
tenuity ; stars which would have been entirely concealed by the 
slightest fog were seen through 64,000 leagues of nebulous matter 
without the smallest refraction. Possibly some part •of the 
changes in the appearance of the tails arises' from •rotation. 
Several comets have been observed to rotate about an axis pass- 
ing through the centre of the tail. That of 1825 performed its 
rotation in 20i[ hours, and the rapicT changes in the luminous 
sectors which issued from the nucleus of Halley’s comet in all 
probability were owing to rotatory motion. 

The two streams of light which form the edges of the tail in 
most cases unite at a greater or less distance from the nucleus, 
and are generally situate ip ^he plane of the orbit. The tails 
follow comets ill their desc , ^ Jtards the sun, but precede them 
in their return, Avlth a small degree of curvature ; their a])parent 
extent and form vary according to the positions of the orbits with 
regard to the ecliptic. In some cases the tail has been at right 
angles to the line joining the sun and comet. ’ The curvature. is 
ill part owing to the resistance of the ether, and partly to the 
velocity of the comet being greater than tliat of the particles at 
the extremity of its tail, which lag behind. The tails are gene- 
rally of enormous lengths ; the comet of 1811 had one no less 
than a hundred millions of miles in length, and those which 
appeared in tlie years 1618, 1680, and 1769, had tails which ex- 
tended resiiectively over 104, 90, and 97 degrees of space. Con- 
secjuently, when the heads of these comets were Set, a portion of 
the extremity of their tails was still -in the zenith. Sometimes 
the tail is divided into several branches, like the comet of 17^4, 
which had six, separated by dark intervals, each of •them about 
4^ broad, and from 30° to 44^ long. They were probably formed 
by three hollow cones of the nebulous matter proceeding from the 
different envelopes, and enclosing one another, w'ith intervals 
between ; the lateral edges of these cones would give the appear- 
ance of six streams of light. The tails do not attain their full 
"magnitude till the comet has left the sun.. When comets firet 
appear, they resemble round films of vapour, with little or no 
tail. As they approach the sun, they increase in brilliancy, and 
their tail in length, till they are lost in his rays ; and it is not 
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till they emerge from tlie^jun’s more vivid light that they assume 
their full si-ilendour. They then gradually decrease, their tails 
diminish, and they disappear, nearly or altogether, before they 
arc beyond the sphere of telescopic vision. Many comets have 
no tails, as, jjpr example, Encke’s comet. Those which appeared 
in the years 1585, 17(53, and 1682, were also without tails, 
though th?} latter is recorded to have been*as bright as Jupiter. 
The matter of the tail must be extremely buoyant U) pre- 
cede a body moving with such velocity : indeed, tjie ra])idUy of 
its ascenl cannot be accounted for. It has been attributed to 
that power in the sun which produces those vibrations of ether 
which constitute light ; but as this theory will not account for 
the comet of 1824, which is said to have had two tails, one 
directed towards the sun, and a very short one diametrically 
opposite to it, our ignorance on this subject must be con- 
fessed. In this case the rei)elling power of the comet seems to 
have been greater than that of the sun. AVhatever that uiiknown 
power may be, there are instauces in which its effects are enor- 
mous ; for, immediately after the great comet of 1080 had passed 
its perihelion, its tail was 100,000,000 miles iii length, and was 
projected from th(i comet’s head in the shoi*t space pf t^\•o days. 
A body of sncl. extreme tenuity as a comet is most likely in- 
capable of an attraction ])o»verful enough to recall matter sent to 
such an enomioiis distance ; it is therc'fore, in all probability, 
scattered in sjjace or absorbed by the zodiacal light or nebula 
that surrounds the sun, which may account lor the rapid decrease 
observed in the tails of comets every time they return to their 
perihelia. IShould the great comet of 1843 prove to be the same 
with that of! 068, its tail must have diminished considerably. 

It is remarkable tliat, although the tails of comets increase in 
length as they approach their perihelia, there is reason to believe 
that the real diameter of the head contracts on coming near the 
sun, and expands rapidly on leaving him. Ilevelins first ob- 
served this phenomenon, which Encke’s comet has exhibited in a 
very extraordinary degree. On the 28th of October, 1828, this 
comet was about three time's as far from the sun as it was on the 
24th of December; yet at the first date its apparent diameter 
was twenty-five times greater than at the second, the decrease 
being progressive. M, Valz attributes the circumstance to a real 
condensation of volume from the pressure of the ethereal medium, 
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wiiich increases most rapidly in density towai*ds the surface of 
the sun, and forms an extensive atmosphere around him. It 
did not occur to M. Valz, however, that the ethereal fluid would 
penetrate the nebulous matter Instead of compressing it. Sir 
John Herschel, on the contrary, conjectures that it fbay^e owing 
to the alternate conversion of evaporable materials in<jthe upper * 
regions of the transparent atmosphere of comets into the states 
of visible cloud and invisible gas by the eflecta of heat and cold ; 
or that some-of the external nebulous envelopes may gome into 
view when the comet arrives at a darker part of the sky, whicli 
were overi)owered: by the suixjrior light of the sun while in his 
vicinity. The first of these hypotheses he considers to be per- 
fectly confirmed by his observ'ations on Halley’s comet, made at 
the Cape of Good Hope, after its return from the sun. He 
thinks that, in all probability, the whole comet, except the 
densest part of its head, vanished, and ’was reduced to a trans- 
parent and invisible state during its passage at its perihelion ; for 
when it first came into view, aftef leaving the sun, it had no tail, 
and its asi)ect was completely changed. A parabolic envelope 
soon began to appear, and increased so much and so rapidly that 
its augmentation was visible to the eye. This increase continued 
till it became so large and so faint, that at last it vanished 
entirely, leaving only the nucleus and a tail, which it had again 
acquired, but which also vanished ; so that at lest the nucleus 
alone remained. 'Not only the tails, but the nebulous part of 
comets, diminishcslevery time they return to their perihelia ; after 
frequent returns they ought to lose it altogether, and present the 
appearance of a fixed nucleus : this ought to happen sooner to 
comets of short periods. .M. de la Place supposes that the comet 
of 1682 must he approaching rapidly to that state. Should the 
substances he altogether, or even to a great degree, evaporated, 
the comet would disappear for ever. Possibly comets may have 
vanished from our view sooner than they would otherwise have 
done from this cause. 

The comet discovered at Florence by Signore Donati, on the 
2nd of June, 1858, was one of the most beautiful that has 
been seen from our planet for many years, whether for the 
brightness of the nudeuSy or the length and graceful form, of the 
coma ; when first discovered it was near the star X in the con- 
stellation of the Lion, being then at a distance of 288,000,000 
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miles from the earth ; during the jnonth of August its nucleus 
assumed an almost planetary aspect from the concentration of its 
light; on the 27th of September the head appeared almost as 
bright as Mercury, but smaller ; when near its perihelion passage, 
on September 30th, its diameter, as ascertained by Signore 
Donati, yas 3'' ; during the early part of October it continued 
to increase in brilliancy, the tail becoming more elongated, and 
describing a beautiful arc in the heavens, occupying a space of 
nearly 40°, or length of 40,000,000 miles in the solar system. 
On the evening of tlie 5th of Octolw it was seen from most parts 
of Britain, within 20' of Arctums, the brightest star in the 
northern heavens, across which the densest part nearly of 
the tail passed^ and through which notwithstanding the star« 
shone with undiminished brilliancy. On the 30th of October, 
when in perihelio, the comet was only 55,000,000 miles from 
the sun ; on the 10th it approached nearest to the earth, from 
which it Was then distant 51,000,000 miles ; and on the 15th 
of the same month near to Venus, being at that time less than 
one-tenth the distance of the earth from the Sun ; if the comet 
had reached its perihelion a few days earlier, Venus might have 
passed through its nucleus, the consequences of which to the 
planet it wo'dtl be very difficult to imagine. 'Jlie motion of 
Donati’s comet is what astronomer’s call rctroyradi , or from east 
to west. It ceased to be visible in our northern latitudes in 
the last W('ek in October, having passed into the southern 
heavens, where it will traverse the constellations of {Sagittarius, 
Telescopium, and Indus, apjiroaching the large star of Toucan ; 
after which it will disappear until it has nearly completed its 
revolution round the snii. The observed orbit of this remark- 
able comet coincides more nearly with an ellipse than a para- 
bola ; the longer diameter of the ellipse heiiig 184 times that of 
the earth’s orbit, or the immense distance of 35,100,000,000 
miles — si)ac6 wliich, huw’ever great, is less than the thousandth 
of the distance of the nearest fixed star. According to the cal- 
culations of M. Loewy, and adopting an’ elliptic orbit, Donati’s 
comet will not return to the same places in the heavens for 
2495 years, being 500 less than the ixjrioil of revolution of the 
groat comet of 1811. • 

Signore Donati observed that between the 25th and 30th Sep- 
teipl^r two concentric, luminous, semicircular envelopes, with a* 
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dark space between them, wefie formed in t|ie head. From the 
extremities of these the cone of the tail ei^ended» and a non^ 
luminous or dark space stretched for 20^ from the nucleus into 
the tail. On the 1st October the two envelopes were combined 
into one. This comet, like Halley’s, has shown some ^uigular 
irregularities, supposed to arise from the action, of the tfVm when 
;near its perihelion. At different periods of its apparition a 
violent agitation was observed in its nucleus, with luminous jets, 
spiral offshoots, &c., as in the great comets of 1680, 1744, 1811. 

A ray of light was thrown out from one side of the nucleus^, 
towards the sun, while a gas-like jet proceeded from the other 
side, which appeared to form the origin of a second tail within the 
•great tail, and which was traced for lielf a degree by Mr. Hind 
on the 19th September. He observed decided spiral convolu- 
tions in the tail, which show that this comet has a rotatory 
motion about an axis jMissing through the tail. 

If comets shine by Arrowed light, they ought, in certain posi- 
tions, to exhibit phases lik^ the moon ; but no such appearance 
has been detected, except in one instance, when they are said ,to 
have been observed by Hevelius and La Hire, in the year 1682. 
In general, the light jof comets is dull — that of the comet of 1811 
was only equal to the tenth part of the light of the full moon— 
yet some have been brilliant enough to be visible ii\ full daylight, 
especially the cornet of 1744, which was seen without a telescope 
at one o’clock in the afternoon, while the sun was shining. 
Hence it may be inferred that, although some comets may be 
altogether diaphanous, others seem to possess a solid mass re- 
sembling a planet. But whether they shine by their own or by 
reflected light has never been satisfactorily made out till how. 
Even if the light of a comet wore xx>larized, it wgiuld not afford a 
decisive test, since a body is capable of reflecting light, though it 
shines by its own, M. Arago, however, has, with great inge- 
nuity, discovered a method of ascertaining this point, independent 
both of phases and polarization. 

"Since the rays of light diverge* from a luminous; point, they 
will be scattered over a greater space as the distance increases,, so 
tliat the. Intensity of the light on a screen two feet fmm 
object is four times less than at the distance of bn^ fppt ; 
feet from the object it is nine times less ; and so oh, decreiuiing 
in intensity as the square of the distance increasU, As a seif- 
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lumirtbus surf^ oonsists of an infinite number of Inminond 
points, it is clear that, the ^ater the extent of surface, the more 
inbnse wilt be the light ; whence it may be concluded that the 
illuminating^ pon^r of such a surface is proportional to its extent, 
^lid decfeases inversely as the square of the distance. Kotwith- 
iilan4ing^this, a self-luminous surface, plane or curved, viewed 
through a hole in a plate of metal, is of the same brilliancy at all 
possible distances as long as it subtends a sensible angle^ because, 
as the distance increases, a greater portion comes into view ; and, 
as the augmentation of surface i^as the square of the diametea of 
the |)art seen through the whole, it increases as the square of the 
distance, fience, though the number of ray^ from any one jtoint 
of the surface which pass through the hole decreases inversely as 
the square of the distance, yet, as the extent of .surface which 
cOmes into view increases also in that ratio, the brightness of the 
object is the same to the eye as long Ss it has a sensible diameter. 
F<»r example— Uranus is about nineteen times farther from the 
sun than we are, so that the sun, seen from that planet, must 
appear like a star with a diameter of a hundred seconds, arid 
must have the same brilliancy to tlie inhabitants that he would 
have to us if viewed through a small circular hole having a 
diameter of a hundred seconds. For it is obvious that light 
comes fisom every point of the sun’s surface lo Uranus, whereas, a 
very small portion of his disc is visible through the hole; so 
that extent of surface exactly compensates distance. Since, {hen, 
the visibility of a self-luminous object docs not depend upon the 
angle it subtends as long as it is of sensible magnitude, if a comet 
shines by its own light, it should retain its brilliancy as long as 
its diameter is of a sensible magnitude ; and, even after it has 
lost an apparent diameter, it ought to be' visible, like the fixed 
stars, and should only vanish in consequence of extreme remote- 
ness. That, however, is far from being the case — comets gradu- 
ally bdeome dim as their distance increases, and vanish merely 
ftoiplosa of light, while they still retain a sensible diameter, 
wjhibh is proved by observations made the evening before they 
disappear. It may therefore he concluded that comets shine by 
refining the sun’s light. The most brilliant comets have 
hitherto eeas^ to he visible when about five times as far from, 
t^e shh as we m M<Mt ,of the comets that have been visible^ 
the earth have their perihelia within the orbit of Mars, 



380 LIGHT OF COICETS. Sect. XXXy. 

dark space between them, weffe formed in the head. From the 
extremities of these the cone of the tail extended, and a non* 
luminous or dark space stretched for 2CP from the nucleus into 
the tail. On the Ist October the two envelopes were combined 
into one. This comet, like Halley^ has shown some singular 
irregularities, supposed to arise from the actimi. of the Sim when 
.near its perihelion. At diiferent periods of its ap|jarition a. 
violei>,t agitation was observed in its nucleus, with luminous jets, 
spiral olFshoots, &c., as in the great comets of 1680, 1744, 1811. 
A ray of light was thrown out from one side of the nucleus . 
towards the sun, while a gas-like jet proceeded from the other 
side, which appeared to form the origin of a second tail within the 
•great tail, and which was traced for lialf a degree by Mr. Hind 
on the 19th September. He observed decided spiral convolu- 
tions in the tail, which show that this comet has a rotatory 
motion about an axis ])assing through the tail. 

If comets shine by Arrowed light, they ought, in certain posi- 
tions, to exhibit phases like the moon ; but no such appearance 
h(is been detected, except in one instance, when tliey are said ,to 
have been observed by Hevelius and La Hire, in the year 1682. 
In general, the light jof comets is dull — that of the comet of 1811 
was only equal to the tenth part of the light of the full moon— 
yet some have been brilliant enough to bo visible in full daylight, 
especially the cornet of 1744, which was seen without a telescope 
at one o’clock in the afternoon, while the sun was shining. 
Hence it may be inferred that, although some comets may be 
altogether diaphanous, others seem to possess a solid mass re- 
sembling a planet. But whether they shine by their own or by 
reflected light has never been satisfactorily made out till iiow. 
Even if the light of a comet were polarized, it would not afford a 
decisive test, since a body is capable of reflecting light, though it 
shines by its own. M. Arago, however, has, with great inge- 
nuity, discovered a method of ascertaining this point, independent 
both of phases and polarization. 

Since the rays of light diverge* from a luminous point, they, 
will be scattered over a greater space as the distance increasei^ so 
that the. intensity of the light on a screen two feet froth the 
object is four times less than at the dikance of one fQpt; 
feet from the object it is nine times less ; and so on, ^^Msreasing 
in intensity as the square of the distance incream. As a self- 
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lumiiiouB surfa^ coDsists of an infinite number of luminous 
points, it is clear that, the greater the extent of surface, the more 
intense will be the light ; whence it may be concluded that the 
iliuminating power of such a surface is proportional to its extent, 
and decreases inversely as the square of the distance. Notwith- 
dlaft4iug^this, a self-luminous surface, plane or curved, viewed 
tbrougl^' a hole in a plate of metal, is of the same brilliancy at all . 
possible distances as long as it subtends a sensible angle, l^aUse, 
as the distance increases, a greater portion comes into view ; and, 
ajs the augmentation of surface is»^ the square of the diametes of 
the part seen through the whole, it increases as the square of the 
distance. Hence, though the number of rayrf from any one jJoint 
of the surface which pass through the hole decreases inversely as 
the square of the distance, yet, as the extent of .surface which 
comes into view increases also in that ratio, the brightness of the 
object is the same to the e>'e as long As it has a sensible diameter. 
For example — ^Uranus is about nineteen times farther from the 
sun than we are, so that the sun, seen from that planet, must 
appear like a star with a diameter of a hundred seconds, aiftl 
must have the same brilliancy to tlie inhabitants that he would 
have to us if viewed through a small circular hole having a 
diameter of a hundred seconds. For it is obvious that light 
comes ftom every point of the sun’s surface to Uranus, wd:ereas,a 
very small portion of his disc is visible through the hole ; so 
that extent of surface exactly compensates distance. Since, ^en, 
the visibility of a self-luminous object docs not depend upon the 
angle it subtends as long as it is of sensible magnitude, if a comet 
shines by its own light, it should retain its brilliancy as long as 
its diameter is of a sensible magnitude ; and, even after it has 
lost an apparent diameter, it ought to be' visible, like the fixed 
stars, and should only vanish in consequence of extreme remote- 
ness. That, however, is far from being the case — comets gradu- 
ally become dim as their distance increases, and vanish merely 
(tern loss of light, while they still retain a sensible diameter, 
wlii^ is proved by observations made the evening before they 
dfeap^at. It may therefore be concluded that comets shine by 
refleptlng the sun’s light. The most brilliant comets have 
hlttherto cea^ to be visib^^ about five times as far from 
stilt as we are. Most ^of the comets that have been visible 
frdtii the earth have their perihelia within the orbit of Mars, 
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because they are invisibld when as distant as liie orbit of t 
on that account there is not one on record whose petih^tbn ia 
situate beyond the orbit of Jupiter. Inde^^ the Coinet of 1766, 
after ita last appearance, remained five whole ywi tdthtn^^^^^^ 
ellipse described by Saturn without being once seen, H^re t^n 
a hundred and forty comets have appeared within tile eflil^OT 
orbit during the last century that have not again been seeh^ If 
a thOusiEuid years be allowed as Ihe average period of each, it mhy 
be computed, by the theory of probabilities, that the Whole 
number which range within the earth’s orbit must be 1400 ; but, 
Uranus being about nineteen times more distant^ there may be- 
no Ifess than 11,200,000 comets that come within the orbit of 
Uranus. M. Arago makes a diiferent estimate ; he considers that, 
as thirty comets are known to have their perihelion distance 
within the orbit of Mercury, ‘if it be assumed that comets are 
uniformly .distributed in sjtkce, the number having their perihe- 
lion within the orbit of Uranus must be to thirty as the cube Of 
the radius of the orbit of Uranus to the cube of tlie radius of the 
orbit of Mercury, which makes the number of comets amefunt to 
3,523,470. But that number may be doubled, if it be considered 
that, in consequence of daylight, fogs, and great southern decli- 
nation, one comet out of two must be hid from us. According 
to.M. Arago, morn than seven millions of comets come* within 
the orbit of Uranus. 

The different degrees of velocity wth which the^anets and 
comets were originally propelled in space is the sole cause of the 
diversity in the form of their orbits, which depends only upon 
the mutual relation between the projectile force and the sun’s 
attraction. 

When the two forces are exactly equal to one another, circular 
motion is produced; when the ratio of the projectile to the 
central force is exactly that of 1 to the square; root of 2, the 
motion is parabolic; any ratio between these two will cause a 
body to move in an ellipse, and any ratio greater than that of 1 
to the square root of 2 will produce hyperbolic motiob (N. 229). 

The celestial bodies might move in any one of these four curves 
by the law of gravitation: but, as one particular velocity ia 
necessary to produce either circular or parabolic mbtion, sudi 
.motions can hardly be supposed to ^xist ip the solar system, 
where the bodies are liable to such mutual disturbances as would' 
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the forces, aod cause them to move 
in el@pf0|s| iu thej^ case, arid hyperbolas in the other. On the 
cohtmfy, smCQ every between quality and that of 1 to the 
sq^uam.tppi of 2 elliptical iriotion, it is found in the 

so]^^ eyj^m in idl its varieties, from that which is~ nearly circular 
t(||rimh asiborde^^^ the paraWio from excessive ellipticity. On 
this depends the Stebility of the** system ; the mutual disturbances 
only cause the orbits to become more or less excentrip without 
chfjnging their nature. 

For the same re^on the bodies of the solar system might have 
moved in an infinite variety of hyperbolas, since any ratio of the 
forces, greater than that which causes parabolic motion, will 
make a body move in one of these curves. Hyperbolic motion is 
however very rare; only two comets appear to move in orlnts of 
that naiu^, those of 1771 and 1824 ; probably all such comets 
have already come to their perihelia, and consequently will never 
return. 

The ratio of the forces which fixed the nature of the celestial 
orbits is thus easily explained ; but the circumstances which 
detern^ined these ratios, which caused somebodies to move nearly 
‘ in circles and others to wander towards the limits of the solar 
attraorion, and which made all the heavenly bodies to rotate and 
revolve ip the same direction, must have had ^eir. origin in the 
primeval state of things ; but as it pleases the Supreme Intelli-^ 
gence to employ gravitation alone in the maintenance of this fair 
system, it may be presumed to have presided at its creation. 
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' SECTION. xxxyi. 

The Fixed Stan — Their Number — The Milky Way Double Stars r- ‘ 
Binary Systems — Their Orbits and Periodic Times — Colours^ of the 
— r Stars that have vanished — Varhible S^rs — Vaxiation in Sun's 
Light Panllaz and Distances of the Fi:^ St^ ^ Masses of the Stars 

— Comparative Light of the Stars — Pro^r Motions of the Stars — 
Apparent Motions of the Stars — Motion and Vdocity of the Sun and 
Solar System — The Nebuls — Their J^^ber Catalogue of them — 
CoAist of Two Classes — DifFuse Nebu&-^ Infinitely formed Nebulas 

— Globular Clusters — Splendour, of Milky iSTay ■—* Distribution of the 
^ Nebuhe — The Magellanic Clouds — Nebulse Irbim^ k Ai^fis — Consti- 
tution of Nebulas, and tlie Forces that maintain them *— Meteorite^ and 
footing Stars. 

Great as the number of comets appears to be, it is absol nlhl^ 
nothing in comimrisonof the multitude of the fixed stars, 

2000 only are visible to the naked eye ; but when the heUlens 
are viewed through a telescopic, their number seems to be limited 
only by the imperfection of the instrument. The number regis^* 
tered amounts to 200,000; their places are determined yrith 
great precision, and they afe formed into f^talo^te, not only 
for the purpose of ascertaining geographical positions by the 
occu|^tions of the brightest among tbeni, but also to serve as 
ppinSof reference for marking the places of comets and oth^if 
celestial phenomena. Sirius, a Centaiiri, and Arcturus are this 
brightest stars in the heavens ; the others axe classed according 
to their apparent lustre, from the first to -^e seventie^nth magni- 
tudes. /^pdlla, a Lyras, Procyon, and tvi^ttty or twenty-one 
more, am pf ^e' first magnitude ; a l^ersei, y Oriohis, a Cygni, 
and in all fifty or sixty, are of the see(^|l f Of tie third theus 

are about 200 , such as i^ Bootis and^i^I^iM & 

increasing as the teagnitu# dlmiiiM^ Those ^ the 
magnitude are scxtrcely y^ihl^ to' the natD^ eye, ^d it i-equini;^ 
a vety good ' 

sequence is pirfedtly ; but Sir Iferaihiitl asper^ 

tain^ by actual measurement tie ooinpar|tive tusM of a grf^ ' 
many-^fof ^^^plo, he found thUt the light of a ittar 
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magnitude is 100 times less than that of one of the first magni* 
tude, and that Sirius would make betweeh th^ and four 
.hundred of sudi little stars. Were the photometric scale eem^ 
pleted, it woq^d be of the greatest importance with regard to the 
variable atars. 

({The thrSe or four brightest classes of stars are scattered pretty 
equably oyer the sky, with the exception of a zone or belt fol- 
lomng the course of the great circle passing through c Orionis- 
and a Orucis, where they are very numerous, especially, in the 
southern 'hemisphere. The stars of all magnitudes visible to 
the naked eye increase in numbers towards the borders of the 
Milky Way, which derives ks lustre and name from the diffused 
light of myriads pf stars ; sc numerous are they in some parts 
of it that more than: 66,000 passed, through the field of Sir 
William HerschePs telescope in the course of an hour, in a zone 
only .two degrees broad; in many places they are numeroua 
beyond estimation, and most of them are extremely small ^)n 
account of their enormous distances. 

l%e Milky Way, which forms so conspicuous a part of the 
firmament, is a vast and somewhat fiattened stratum or con- 
geries of stars, encircling the heavens in a broad band, split 
through one part of its circumference into two streams of stars, 
bearing a strong resemblance to fig. 5^ plate 5. It is contorted 
and broken in some X3laces, and occasionally lengthened into 
branches stretching Tar into space. Its thickness is small com«> 
pared with its length and breadth ; yet in some xdaces it is utL- 
fathomable even with the best telescopes; in others there is 
reason to believe that k is possible to see through it, and even 
beyond it, in its own plane. There is a gradual but rapid in- 
crease in the crowding of the stars on each side of the fiat &tra- 
turn towards the centre. " 

The solar system is deeply'though excentrically plugged into 
this mass, of stars, neqr that point where the circular stratum 
splits into two streams; Hi|lir John Herschers description of ^e 
stars of the southern hemkphere shows that the Milky Way is 
a moiSt magnificent object there. **The general aspect of the 
southern ciroumpolar regions ^(includiiit^ jh that expression 6(P 
or 70^ of south polar distance) is in a U^ degiee rioh'and mag^. 
ni^ceni, owing' to the superior brilliancy and large development 
bf^ha Milky Way» which, from the constellation ^of Orion to .* 

s ’ 
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that of Antinous, is a blaze of light, strangely interrupted, how« . 
ever, withviusant and entirely starless patches, especially in 
Scorpio, near a Gentauri and the Cross, while to the north it 
fades away pale and dim, and is in comparison hardly traceable. 
I think it is impossible to view thiis splendid zone, ^irith the 
astonishingly rich and evenly distributed fringe of stirs of tile 
3rd and 4th magnitude, which forms a broad skirt to its southern 
border like a vast curtain, without an impression amount^g 
almost to conviction, that the Milky Way is not a mi^^tratum, 
but annukr, or at least that our system is placed Wi|^^ne of 
the poorer or almost vacant parts of its general mass, illl^at 
eccentrically, so as to be much nearer to the region aboiit the 
Cross than to that diametrically opposite to it.” 

Those dark vacuities called “ Coal Sacks ” by the ancient 
navigators, which are so numerous between a Centauri and 
a Antaris, arc among the most extraordinary phenomena in the 
soifthem hemisphere ; they are of intense blackness, though by 
no means void of extremely small telescopic stars ; the darkness 
arises from the contrast these nearly vacant spaces form with 
the excessive brilliancy of the surrounding part of the Milky 
Way, and the sudden sharp transition from light to darkness. 
The largest and most conspicuous of them is a pear-shaped 
vacuity close to the Southern Cross. Tliat portion of the Milky 
Way that is split longitudinally through its centre lies between 
a Centauri and the constellation of Cygnus : the two bands are 
joined here and there by narrow bridges of condensed stars, 
stretching across the darker space between them. In Scorpio 
and Sagittarius Sir John Herscbel describes the. Milky Way as 
composed of definite clouds of light running into clusters of 
extremely minute stars like sand, not strewed evenly as with a 
sieve, but as if thrown down by handfuls, and by both hands at 
once, leaving dark intervals. In this ^tonishiog profusion the 
stars are of all sizes, from the 14th to the 20th magnitude, and 
even down to nebulosity. After an interval the same profusion 
is renewed, the stars being inconceivably minute and: numeioiiii 
beyond description-^they are in millions and millkavs* Thuft 
ther^ is great irreplarity in tbeir diffhsipn as wdil ae mf^itude 
-^iu some places intensely crowded, in othere the deep blackness 
of the sky, over which they are thinly scattmd, ilTesifltibly led 
to believe that in these regions the power of our telescopes ftbdy 



Sect. XXXVI. DISTANCES OP FIXED STARS. ^7 

penetrates through the starry stratum, and beyond it. Sometimes 
we look through a sheet of stars nearly of the saij^e size, of no 
great thickness compared with their distance from us, and not 
unfrequently^there is a double stratum, one of large stars spread 
over ancAher of very small ones. 

^The m6st southerly of the ttvo streams of stars which form 
the Milky Way in this part of the firmament maintains an 
unbroken course of extreme brilliancy, containing some of the 
finest clusters of stars in the heavens. One round y Sagit- 
tarii is an intense aggregate of stars, in some parts o£ which 
they are so crowded as to exceed enumeration ; at a very mode-- 
rate estimate Sir John Herschcl thinks this group cannot contain 
fewer than a hundred thousand stars. Other two groups be- 
tween the constellations of the Shield and Ophiuchus stand out 
like promontories of intense brilliancy in the dark space that 
separates the starry streams of the. Milky Way. 

The distance of the fixed stars is too great to admit of their 
exhibiting a sensible disc, but they must be spherical if gravita- 
tion pervades all space, as there is every reason to believe it does. 
With a powerful telescope the stars are like points of light : their 
occultations by the moon are therefore instantaneous. Their 
twinkling arises from sudden changes in the refractive i)ower of 
the air, which would not be sensible if they had discs like planets. 
Thus nothing can be known of their distance from us or from 
one another by their apparent diameters. Although from the 
appearance of the stars no inference can be drawn as to their 
distance, yet among the multitudes in the heavens a few are 
found near enough to exhibit distiuct parallactic motions arising 
from the revolution of the earth in its orbit, from whence their 
distance from the sun has been computed: a Centauri, the 
brightest star in the southern hemisphere, is a very remarkable 
instance. Professor Henderson at the Cape of Good Hope deter- 
mined its parallax to be 1'' by a series of observations on itsposi-* 
tion at opposite periods of the year, that is, from opposite points 
in the earth’s othiU The resull was afterwards confirmed by Mr. 
Maolear, who' &und the amount to be 0''.913. The difference 
between tUb two is wonderfully small, considering the many un- 
avoidable sources of error in the determination of such minute 
qi(antitieg(lf. 230). 

. g^ee no star in the ndrthem hemisphere has so great an amount 

B 2 
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of parallax, an arc of 1" is assumed as the parallactic unit. NoW 
radius is to sine of 1" as 206,265 h to 1 ; hence, a Centauri 
is '206,265 times more distant from the sun than the sun is 
from the earth. Light flying at the rate of 192, OQO miles in a 
second must take 3 years and 83 days to come to us fi^m that 
star. ^ 

One or two tenths of a second becomes a very great errorwhen 
the maximum amount of parallax is only 1”, and on that accoui^t, 
with the exception of a Centauri, it has been found impracticable 
to determine the annual changes in .the apparent motions of 
single stars affected by precession, nutation, aberration, and the 
variations of temperature of the instruments used in observing. 
However, as two stars in juxtaposition are equally affected all 

of these^ the difference in their motions is independent of them. 
Of two stars apparently in close approximation, one may be far 
behind the other in space. They may seem near to one anot^ 
when viewed from the earth in one part of its orbit, but xSm 
separate widely when seen from the earth in another position, ^t 
as two terrestrial objects appear to be one when viewed ii|^c 
same straight line, but separate as the observer changes hia 
lion. In this case the stars would not have real, but only ap^rent 
motion. One of them would seem to oscillate annually to and 
fro in a straight line on each side of the other, a motion that 
could not be mistaken for that of a binary sjipitem where one star 
describes an ellipse about the other ; or if the edge of ^ the orbit 
be turned towards the earth, where the oscillations require years 
for their accomplishment. The only circumstances that can 
affect the stars unequally, and which must be eliminated, are the 
proper motion of the stars in space, and specific aberration, a very 
minute quantity arising from peculiarities in the star’s light* 
This method of fln<frng the distances of the fixed stars was pro-* 
posed by Galileo and attempted by Dr. Long without success. 
Sir William Herschel afterwards applied it to some of the binary 
groups ; and although he did not find the thing he sought for, it 
led to the discovery of the orbital motions of the double staTI. 

M. Struve was the first to apply this method, and that i^ a 
very difficult case. He perceived that a very small Aar is dlobe 
to a Lyras, and by a series of most accurate ffifferential ni^ure* 
ments from 1835 to 1838 he found that a Lyras has a pamilax of 
which was afterwards corroborated by the observations of 
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M. Peters ; hence a Lyras is 789,600 times more distant from the 
sun than the earth is. 

It was natural to suppose that in general the la,rge stars are 
nearer to the earth than the small ones ; hut there is now reason 
to believe that some stars, though by no means brilliant, are nearer 
to us thaj^ others which shine with greater splendour. This is 
inferred from the comparative velocity of their proper motions ; 
all the stars have a general motion of translation, which tends 
ultimately to mix those of the different constellations ; but none 
that we knowvf moves so rapidly as 61 Cygni, and on that 
account it was reckoned to be nearer to us than any other, 
for an^object seems to move more quickly the nearer it is. Now 
M. Bessel saw that two minute and probably very remote stars 
are very near 61 .Cygni, their directions from that star being at 
ri^it angles to one another ; so that, during the revolution of the 
earth, on*e of these distances was a maximum and the other a 
minimum alternately every three months. This alternation, 
although it indicated a parallax or difference of parallaxes of 
only 0"’348, was maintained with such perfect regularity every 
three months, that it leaves not a doubt of its accuracy, which 
was afterwards confirmed by the observations of M. Peters at 
Polkova. It follows from that small parallax that 61 Cygni 
must be 592,700 times farther from the earth than the sun is — 
a distance that light would not pass over in less than nine years 
and three months. 

Mr. Henderson found the parallax of Sirius, the brightest of 
•all the stars, to be only 0"’230 ; it is consequently more distant 
than 61 Cygni, though the latter is but of the 6th magnitude. 

M. Argelander has calculated that the apparent magnitude of 
the stars depends upon their distance. Supposing them all to 
be of the same size, the smallest visible in Sir William Her^chel’s 
20 feet refiecting telescope, namely those of the 17th magnitude, 
would be 228 times farther off than those of the first magnitude ; 
and M. Peters of Polkova from the annual parallax of thirty-five, 
seven of which are now very accurately determined, has ascer- 
tained the distance of the nearest of them to be such, that light 
fiying at the. rate of 95 millions of miles in a second would take 
15 years and a half to come from them to the earth, and tj^t a 
star of the 17th magnitude might be extinguished for 3541 years 
before we should be aware of it.*(N. 231.) 
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The great gulfs that separate the stars from the iiun,''aud 
probably from one another, no doubt maintain the stability of 
the stellar system, in the same manner that in the solar system 
the distances of the planets from the sun and the satellites from 
their primaries are so arranged as to preserve thett mutual dis- 
turbances within due limits. The stars supposed to ,lDe nearest 
the sun are probably in a great zone which crosses the Milky 
Way between rj ArgOs and a Crucis. It comprises the bright 
stars of the constellations Orion, Canis Major, the Southern Cross, 
Centaur, Lupus, and Scorpio. The axis of theVzone is inclined 
at an angle of 20° to the medial line, or circle, passing through 
the centre of the Milky Way. 

A very great number of stars undergo periodical changes of 
lustre, varying in some cases from complete extinction to their 
original brilliancy, strongly suggesting the idea that they are 
temiwrarily obscured, and sometimes completely hid, by opaque 
bodies revolving round them in regular periodic times, as the 
planets do about the sun. 

The star Mira, or a> Ceti, which was first noticed to be periodical 
by Fabricius, in 159(5, appears about twelve times in eleven 
years, or in periods of 331** 8** 4”* 16* ; it remains at its greatest 
brightneifs al)out a fortnight, being then on some occasions equal 
to a large star of the second magnitude ; then it decreases during 
about three months, till it becomes completely invisible to the 
naked eye, in which state it remains about five months ; after 
that it continues increasing during the 'remainder of its period. 
Such is the general course of its changes ; but it does not always 
return to the same degree of brightness, nor increase and dimi- 
nish by the same gradations, neither.are the successive intervals 
of its maxima equal. From the observations and investigations 
of M^ Argelander, the mean period given is subject to fluctuation, 
embracing 88 such periods, and having the. effect of gradually 
lengthening and shortening alternately those intervals to the 
extent of 25 days one way and the other. The irregularities in 
the degree of brightness attained at the maximum are* probably 
also periodical. For four years previous to 1676 it did hot 
appear at all ; and oi\ October 5, 1839, it exceeded a Ceti, ahd 
equaled Auriga^, in lustre. These irregularities may be occa- 
sioned by periodical perturbations among opaque bodies revolyitig 
about the star. Algol, or /3 Fersei, is another very ihmailiable 
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instance of a variabla star. It has the size of a star of the second 
m^itude for two days and thirteen and a half hours, and then 
suddenly begins to diminish in splendour, till, in about three hours 
and a half, it is reduced to the size of a star of the fourth magni- 
tude ; it then begins again to increase, and in three hours and 
a j^lf Acre regains its brightness, going through all these vicissi- 
ttia^'in 20*» 48“ si-’T. Sir John'Herschel and Mr. Goodricke, 
by whom the variable nature of this star was discovered in 1782, 
considered this to be a case strongly indicative of the revolution 
of an opaque body, which, coming between us and Algol, cuts 
off a large portion of the light. This star has been constantly 
observed, and the more recent observations, compared with the 
ancient ones, indicated a diminution in the periodic time. It is 
even proved that this decrease is noi^ uniformly progressive, but 
is actually proceeding with accelerated rapidity, which, however, 
will probably not continue, but will by degrees relax, and then be 
changed into increase, according to the laws of periodicity, which, 
as^well as tfieir causes, remain to be discovered. The first mini- 
mum of this star, in 1844, happened on Januaiy 3rd, at 4** 14“ 
GTeenwict time, y Hydra) also vanishes and reappears every 494 
days, Lyrsa was discovered to be variable, in 1784, by Mr. 
Goodricke, an<.! its period was ascertained by Argel^der to be 
12** 21*' 53“ 10% in which time a double maximum and mini- 
mum takes place, the two maxima being nearly equal, but the 
two minima unequal ; besides these semi-periods, there is a slow 
aberration of period, which appears to be periodical itself : from 
its discovery to 1840 the time was continually lengthening, but 
more and more slgwly, till, in 1840, it ceased to increase, and has 
since been slowly on the decrease. 

, The stars 3 Cephei and rj Aquilae, or Antinoi, were discovered 
to be variable in 1784 ; their.respective periods, l^ing 5** 8** 47“ 39* 
and 7^* 4** 13“ 53*, have since been accurately determined. Besides 
these, the variations of l)etwecn 30 and 40 have been approximately 
ascertained, and a great many more among the smaller stars have 
been discovered to be variable by Mr. Hind, who has remarked 
that many of those staiis which continue visible at their minimum 
appear hazy and indistinct, as though some cloudy or nebulous 
m^ium , intervened. ’ Some of the variable stars are red, and 
others present successive changes through blue, yellow, and red. 
When the brightness is increasing the star has a blueish tinge, 
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when it is past its maximum lustte it assumes a yellow tint, and 
while on its decrease it beccmes^ ruddy with dashes of bright 
red light. These changes are very marked in a small star near 
the star 77, at the extremity of the south wing of Virgo. 

Sir John Herschel, after having described the glory of the 
starry heavens, askd^ “ For what purpose are we to supnSse such 
magnificent bodies scattered through the abyss of space Y Surely 
not to illuminate (mr nights, which an additional ’ moon of the 
thousandth part the size of our own would do much better, nor 
to sparkle as a pageant void of meaning and reality, and bewilder 
us with vain conjectures. Useful, it is true, they are to man 
as points of exact and permanent reference ; but he must have 
studied astronomy to little purpose who can suppose man to be 
the only object of his Creator’s care, or who does not see in the 
vast and wonderful apparatus around us provision for other races 
of animated beings. The planets, we have seen, derive their 
light from the sun, but that cannot be the case with the stars. 
These doubtless then are themselves suns, and may perhaps, 
each in its sphere, be the presiding centre round which other 
planets or bodies, of which we can form no conception from any 
analogy offered by our own system, may be circulating.” 

Anothoi circumstance shows how probable it is that dark 
bodies are revolving among the stars. The proper motion of 
Sirius is very irregular— sometimes it is rapid, and at other times 
slow ; the cause is ascribed by MM. Bessel and Peters to a dark 
companion which revolves with Sirius about their com^ion centre 
of gravity, and by its attraction disturbs the equable motion of 
the star. • 

Sometimes stars have all at once appeared, shone with a bright 
light, and vanished. Several instances of these temporary stars 
are on record. A remarkable one occurred in the year 125, 
which is said to have induced Hipparchus to form the first cata- 
logue of stars. Another star appeared suddenly near a Aquilm 
in the year 389, which va^iished after remaining for three weeks 
as bright as Venus. Oa the 10th of October, 1604, a brilliant 
star burst forth in the constellation of Serpentarius, which con- 
tinued visible for a year ; and on the 11th of November, 1572, a 
star all at once shone forth in Cassiopeia, which rapidly in- 
creased in brightness till it surpassed that of Jupiter so much As 
to be visilfie at midday. It began to decrease in December of 
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the same year, and, in March, 1574, it had entirely disappeared, 
having exhibited a variety of tints. It is suspected, however, 
that this star is periodically variable and identical with stars 
which appeared in the years 945 and 1264. A more recent case 
occurred ih«the year 1670, when a new star was discovered in 
the heat of the Swan, which, after becoming ibivisible 7 reappeared, 
and, having undet^ne many variations in light, vanished after 
two years, and has never since been seen. On the 28th of April, 
1848, Mr. Hind discovered a star of the 5th magnitude in the 
constellation Ophiuchus, which was very conspicuous to the 
naked eye, and where he was certain no star even so bright as 
the 9th magnitude had ever existed, nor was there any record 
of such a star. From the time of its discovery it continued to 
diminish till it became extinct. Its colour was ruddy, and was 
thought to undergo remarkable changes, probably an effect of its 
low position, as its polar distance was 102° 39' 14". 

Sir John Herschel discovered very singular variations in the 
star ly of the constellation Argo. It is surrounded by a wonderful 
nebula, and between the years 1677 and 1826 it varied twice 
fUhn the 4th to the 2nd magnitude ; but in the beginning of 
1838 it suddenly increased in lustre, so as to be nearly as bright 
as a Centauri. Thence it diminished, but not belojv the first 
magnitude till April 1843, when it had again increased, so 9 s to 
surpass Canopus, and nearly equal Sirius in splendour. With 
regard to this singular phenomenon. Sir John Herschel observes, 
that ** Temporary stars heretofore recorded have all become totally 
extinct. Variable stars, as far as they have been carefully at- 
tended to, have e^^ibited periodical and regular alternations (in 
some degree at least) of splendour and comparative obscurity ; 
but here we have a star fitfully variable to an astonishing extent, 
and whose fluctuations we spread over centuries, apparently in no 
settled period, and in no regular progression. What origin can we 
ascribe to these sudden flashes and relapses ? What conclusions 
fure we to draw as to the comfort or habitability of a system de- 
pending for its supply of light and heat on so variable a source? 
Its future career will be a subject of high physical interest. To 
this account I vnll only add, that in the beginning of 1838 the 
brightness of this star was so great as materially to interfera 
with the observations of that part of the nebula surroundingJt.’^ 
Sir John has also discovered that o Orionis is variable, a circum-i. 
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stance the more remarkable as it is one of the conspicuous stars 
of our hemisphere^ and yet its changes had never remarked. 
The inferences Sir John draws from the phenonAa of variable 
stars are too interesting not to be given in his own words. ** A 
periodic ^change existing to so great an extent in fip*large and 
brilliant a star as aOrionis cannot fail to awaken attentia .1 to the 
subject, and to revive the consideration of" those spt^culations 
respecting the possibility of a change in the lustre of our sun 
itself, which were first put forth by my father. If there be really 
a community of nature between the sun and the fixed stars, 
every proof that wc obtain of the extensive prevalence of such 
periodical changes in those remote bodies adds to the probability 
of finding something of the kind nearer home. If our sun were 
ever intrinsically much brighter than at present, the mean tem- 
perature of the surface of our globe would of course propor- 
tionally greater. I apeak now not of periodical, blit secular 
changes. But the argument is complicated with the consideration 
of the possible imperfect transparency of space, which may be 
due to material non-luminous particles, diffused irregularly in 
patches analogous to nebulas, but of great extent — to cosmiul 
clouds, in short, of whqisc existence we have, 1 think, smne indi- 
cation in the singular and apparently capricious phenomena of 
temporary stars, and perhaps in the recent extraordinary inorease, 
and hardly less sudden diminution, of 17 Argfis.” Mr. Sind has 
come to the same conclusion with Goodricke and Sir John 
Herschel, that the changes in the variable stars are owing to 
opaque bodies revolving round them ; indeed there are strong 
reasons to believe that there are solar systems analogous to our 
own in the remote regions of space. Our sun requires nine 
times the period of Algol to perform a revolution on its axis, 
while, on the other hand, the periodic time of an opaque revolving 
body, suflSciently large to produce a similar temporary obscuration 
of the sun seen from a fixed star, would be less than fourteen 
hours. 

It is possible that the decrease of light in some of the variable 
stars may arise from large spots on their surface, like those occa- 
sionally seen in the radiant fluid masses on the surface of the 
gun. One of these spots which was measured by Sir John Hers- 
dhel on the 20th of March, 1836, with its penumbra^ occupied an 
«rea of 8780 millions of square miles i and the Slack central part of 
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a spot that appeared on* the 25th of May following would have 
allowed the skbe of the earth to drop througffit, leaving a thou- 
sand miles mkr of contact all around this tremendous abyss. 

All the variable stars on record of which the places are distinctly 
indicated have occurred without exception in, or close upon, the 
bordeA of the Milky Wayj and that only within the following 
semicirdle, the preceding having offered no example of the kind. 
* 5 ^/<Jdany stars have actually disappeared from the heavens. 
^^''Virginis seems to be of the number, having been missed 
by Sir John Hersohel op the 9th of May, 1828, and not again 
found, though he frequently had occasion to observe that part of 
the sky. Mr. Cooper, of the Markrce Observatory, has given a list 
of fifty stars that are missing since the publication of his list of 
stars in 1847. Comparing the present state of the heavens with 
more ancient catalogues, a much greater number have disappeared. 

Thousands of stars that seem to be only brilliant points of 
light, when carefully examined are found to be in reality systems 
of two or more suns, many of which are known to revolve about 
one another. These binary and multii)lc systems are very 
fbmote, requiring powerful telescopes to show the stars sepa- 
rately. They are divided into eight classes, according to the 
proximity of the two stars. The first class comprises only such 
as are less than I'' of space apart ; those of the second class are 
more apart than V* and less than 2^', &c. &c. Sometimes the 
two stars are of equal magnitude, but more frequently a con- 
spicuous star is accompanied by a smaller companion. In some 
cases the conspicuous star itself is double, as in ^Cancri, | Scorpio, 
11 Monocerotis, and 12 Lyncis, which are triple stars. Each of 
the two stars of c Lyras is a beautiful and close double star ; so 
that which in a common telescope appearo merely to be a double 
star, is found to be quadruple with a very excellent instrument. 
The multiple system of 6 Orionis is one of the most remarkable 
objects in our hemisphere. To the naked eye and with an ordi- 
nary telescope it seems to be a single star, but it really consists of 
four bdlliant stars forming a trapezium, and accompanied by two 
excessively minute and very close companions, to perceive both 
of which is the severest test of a telescope. 

TSe first catalogue of double stars in which their places and 
relative positions are given was accomplished by the talent and , 
industiy of Sir Wftliiim Hersohel, who made so many great disf 
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Goveries, and with^hom the idea of th6ir combination in binary 
and multiple systems originated ; and that imp^nt fact he 
established by the discovery of a revolving motidmin 60 or 60, 
and by the determination of the revolution of one star about the 
other of Castor or a Geminorum, the largest and finest double 
star in the northern hemisphere. He ev^ assigned the afiproEi- 
mate penodic times of this and of several other binary Systems. 
More than 100 stars are now known to be stellar systems. 
The positions of many hundreds were measured by Sir John 
Herschel and Sir James South ; and the catalogue of the double 
stars in the northern hemisphere, which have been micrometrically 
measured, has been increased to more than 6000 by MM. Bessel, 
Struve, and British astronomers. 

Extensive catalogues of double stars in the southern 
sphere have been published by the astronomers in our cofehial 
establishments. To these Sir John Herschel adSed 1081 dnrii| 
his residence at the Cape of Good Hope : the angles of posi-^i 
tion and distances of the stars from one another he measured, 
and found that many of them have very rapid orbital motions. 
The elliptical elements of the* orbits and periodic times of fifteen 
have .been determined by the most eminent astron0ii!tkdrs with 
wonderful accuracy, considering the enormous distances ajsJ the 
extreme delicacy and difiiculty of the subject. ' M. Savary has 
the merit of having first determined the elements of the orbit of 
a double star from observation. The difficulty of doing so is 
great, because the nearest fixed star is 211,000 times farther 
from the sun than the earth is, and the orbit ||»elf is only visible 
with the best telescopes ; consequentfy a vi^ry sUEmll error in 
observation occasions an enormous error in tlxO^termination 
of quantities at that distance. 

In observing the relative position of the stars of a binary 
system, the distance between them, and also the angle of posi- 
tion, that is, the angle which the meridian, or a parallel to the 
equator, makes with the line joining the two stars', are measured. 

different values of the angle of Poston Show whether the re* 
volving star moves from east to west, <ir the Cbntrary ; whether 
the motion be uniform or variable, and at what points it is great- 
est]^ or least. The measures of the distances show whether the 
two stars approach or recede from one another. - From these the 
form and nature of the orbit are determined. Were observations 
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perfectly accurate, four values of the angle of position, and of 
the correspon^ng distances at given epochs, Wuld be sufficient 
to assign th^ form and position of the curve described by the 
revolving star ; this, however, scarcely ever happens. The accu- 
racy of each result depends upon taking the mean of a great 
numbef of the best observations, and eliminating error by mutual 
companion. The distances between the stars are so minute that 
they cpnot be measured with the same accuracy as the angles 
of position ; therefore, in order to determine the orbit of a star 
independently of the distance, it is necessary to assume, as the 
most probable hypothesis, that the stars are subject to the law of 
gravitation, and consequently that one of the two stars revolves 
in an ellipse about the other, supposed to be at rest, though not 
necessarily in the focus. A curve is thus constructed graphically 
by moans of the angles of position and the corresponding times of 
observation. The angular velocities of the stars are obtained by 
drawing tangents to this curve at stated intervals, whence the 
apparent distances, or radii vcctores of the revolving star, become 
known for each angle of position, Ixjcause, by the laws of ellipti- 
2&l motion, they are equallbo the square roots of the apparent an- 
gular velocities. Now that the angles of position estimated from 
a given line, and the corresponding distances of the two stars, are 
known, another curve may be drawn, wliich will represent on 
paper the actual orbit of the star projected on tlie visible surface 
of the heavens ; so that the elliptical elements of the true orbit, 
and its position in space, may lie determined by a combined 
system of measurements and computation. But, as this orbit has 
been obtained on the hyixithesis that gravitation prevails in these 
distant regions, which could not be known a priori^ it must be 
compared with as many observations as can be obtained, to ascer- 
tain how far the computed ellipse agrees with the curve actually 
described by the star. 

y Virginia consists of two stars of nearly the same magnitude ; 
they were so far apart in the beginning and middle of last century, 
that they were mentioned by Bradley, and marked in Mayei^s 
catalogue, as two distinct stars. Since that time they have been 
continually approaching each other, till in January, 1836, one 
star was seen to eclipse the other, by Admiral Smyth at his Ob- 
servatory at Bedford, and by Sir John Herschel at the Cape of 
Good Hope. A series of observations since the beginning of the 



398 ORBITS AND PERIODIC TIMES. Sect. XXXVI. 

present century has enabled Sir John to determine the form and 
position of the elliptical orbit of the revolving star with extraor- 
dinary truth by the preceding methods According to his cdcu- 
lation, it came to its perihelion on the 18th of August of the year 
1834. Its previous velocity was so great that* the rerolving star 
described an angle of 68? in one year. By the laws of ehiptical 
motion its angular velocity must diminish till it arriv^ss at its 
aphelion. The accuracy with which the motions of the binary 
systems are measured, and the skill^cmployed in the deduction of 
the elliptical elements, are now so great, that the periodic time of 
y Virginis, determined by Sir John Herschel and Admiral Smyth 
from their respective observatories, combined with those of Sir 
William Herschel, only ditfer by two years, Sir John having 
obtained a period of 182 years. Admiral Smyth that of 180. By 
the aid of more numerous observations Mr. Flctchef has Isund 
that the true period is 184*53 years, and that the revol^dilg 'Star 
passed its perihelion in 1837. It is by such successive kteps that 
astronomy is brought to pe^rfcction (N. 232). 

Some of the double stars have very long periods, such as cr 
CoTonw, where the revolving star takes*737 years nearly to second 
plish a circuit. * Others again have very short periods, as ff Corona?, 
f Cancri, and $ Ursae Majoris, whose periodic tirftes are 42*600, 
68*91, and 68*26 years respectively ; therefore each of these has 
performed more than one entire revolution since their motions 
were observed. ( Herculis, whose periodic time is only about SOJ* 
years, has accomplished two complete circuits, the lesser star 
having been eclipsed by the greater each time. The first of these 
two truly wonderful events, of one sun eclipsing another sun, was 
seen by Sir William Herschel in 1782. 

The orbits and periodic times of so many of these binary systems 
having been determined proves beyond a doubt that sun revolves 
about sun in the starry firmament by the same law of gravitation 
that makes the earth and planets revolve about the sun (N. 282), 

Since the parallax of 61 Cygni and that of a Oentauri have* 
been determined. Sir John Herschel has made the following ap- 
proximation to the dimensions of their Abits and masses. The 
distance between the two stars of 61 Cygni, that is the radius 
ve^r of the revolving star, hardly varied from ever 
siim the earliest observations ; while in that time the star has 
moved throng tXP ; it is evident therefore that the orbit must be 
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nearly circular. It is at right angles to the visual ray, and the 
periodic time is 614 years. The parallax or radius of tiie earth’s 
orbit as seen from the star is 0"348, while the radius of the star’s 
orbit as seen from the earth is 15'’'5 ; hence the radius of the 
star’s orbitjis to that of the earth’s orbit as 16"*6 to 0"*348, or 
nearljias 45 to 1. So the orbit described by the two stars of 
61 Cygni about one another greatly exceeds that which Neptune 
describes about the sun. Since the mean distance of the 
stars and their periodic tim%are given, the'aum of the masses 
of the two stars is computed to be 0-3529, that of the sun being 
1. Thus our sun is not vastly greater nor vastly less than the 
stars composing 61 Cygni, which is a small inconspicuous star to 
the naked eye, not exceeding the nth magnitude. 

Of all the double stars a Gentaiiri is the most beautiful : it is 
the brightest star in the southern hemisphere, equal, if not supe- 
rior, to Arcturus in lustre. Tlie distance between the two stars 
has been decreasing at the rate of half a second annually since 
the year 1822, while the angular motion has undergone very little 
change, which shows that the plane of the orbit imsseB through 
iihe earth like the orbits of 44 Bootes, and w Berpentarii ; that is to 
say, the ^ge of the orbit in these three stellar systems is pre- 
sented to the earth, so that the revolving star seems to move in a 
straight line, ami to oscillate on each side of its primary. Were 
thip libration owing to parallax, it would be annual from the 
revolution of the earth about the sun ; but as years elapse before 
it amounts to a sensible quantity, it can only arise from a real 
orbital motion seen obliquely. In this case five observations are 
sufficient for the determination of the orbit, provided tliey be 
exact ; but the quantities to be measured are so minute, that it is 
only by a very long scries of observations that accuracy can be 
attained. In 1834 Captain Jacob determined the periodic time of 
the revolving star of a Centauri to be 77 years, and the distance 
between the two to be 17'’'5 ; and since the decrease is half a 
second anauaUy» the distance or radius vector of the revolving star 
was 12''*5 in the year 1822 ; and as Mr. Henderson had deter- 
mined the parallax or ra4lus of the earth’s orbit as seen from the star 
to be *913, it follows that the real semi-axis of the revolving star’s 
orbit is 13} times greater than the semi-axis of the earth’s Oj^it 
as a minimum. The real dimensions of the ellipse theremre 
cannot be so small as the orbit of Saturn, and may possibly 
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exceed that of Uranus. It is vsrj^robable that an oocultation of 
one of the suns by the other will take place in 1867, or a very 
close appulse of the two stars. 

Singular anomalies have appeared in the motions of 70 Ophinch), 
which was discovered to be a binary system by S^ William 
Herschel in 1779, and which has since nearly accomplished a re« 
volution. Various orbits have been compute : those which best 
represent the angles of position fail with regard to‘the distances of 
the^ stars from one anotW, and vte^vers^. But it is a very re* 
markable fact that the errors are periodical, being for considerable 
periods of time alternately in excess and defeot*H Captain W. S. 
Jacob, who determined the periodic time of the revolving star to 
be 93 years, attributes this anomaly to the disturbing action of 
an opaque body revolving round the lesser star. Assuming that 
to be the case, and computing, he found that the errorawere con- 
siderably diminished both in the angle of position and distance. 
It is a subject of the highest interest, and well worthy of the 
attention of such astronomers as have the means of mining the 
necessary observations. Among the triple systems, as C Cancri, 
two of the> stars revolve about one another in 68*9 years ; but 
the motion of the third and most distant is so slow, that it has 
only accomplished a tenth part of its revolution about the other 
two since the system was discovered. « 

It appears from the calculations of Mr. Dunlop that a Eridani 
accomplishes a revolution in little more than 30 years. The 
motion of Mercury is more rapid than that of any of the planets, 
being at the rate of 107,000 miles an hour. The perihelion 
velocity of the comet of 1680 was 880,000 miles an hour ; but, if 
the two stars of <r Eridani, or of ( Ursm Majori^ be as remote 
from one another as the nearest fixed star is from the sun, the 
velocity of the revolving star must exceed the power of imagina- 
tion to conceive. The elliptical motion of the double stars shows 
that gravitation is not confined to the planetary motions, but that 
systems of suns in t&e far distant regions of the universe are also 
obedient to its laws. i|Tbe stellar systems present a kind of 
sidereal chronometer, by which the chronology of the heaved 
will be marked out to future ages by epochs of their own, liable 
to no fluctuations from such disturbances as take place in our 
system* Some stars are apparently double, thou^^ altogetber 
unconnected, cmjmng far behind the other in space, as a kyr% 
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which apparently ocmsists of two istars, one of the firsts the Other 
of tihe eleventh magnUnde. Aldebaran, a Aquilas, and Pollux are 
^rentokable instances of these optically double stars. It has been^ 
shown how fevourable that circumstance is for ascertaining the 
parallax of the nearest of the two. (N, 232.) 

The*double stars are of various hues: sometimes both stars 
are of tlih same colour, as in « Centauri and 61 Cygni, where the 
larger stars are of a bright orange and the smaller ones a deeper 
tint of the same, but they mbit frequently exhibit the contrasted 
colours. The large star is generally yellow, orange, or red ; and 
the small star blue^ purple, or green. Sometimes a white star is 
combined with a blue or a purple, 'and more rarely a red and 
^te are united. In many cases these appearances are due to 
Are influence 9! contrast on our judgment of colours. For 
example, in observing a double star> where the large one is a fall 
niby red, or almcH^ blood colour, and the small one a fine green, 
the latter loses its colour when the former is hid by the cross 
wires of the telescope. That is the case with y Andromedas, 
w^ch is a triple star, the small one, which appears green, 
Teing closely double. « Cancri is an instance of a Jarge yellow 
star and a small one which appears blue by contrast. Still th^re 
are 4 vast number where the colours are decidedly different, and 
suggest the curious idea of two suns, a red and a green, or a 
yellow and a blue, so that a planet circulating round one of them 
may have the variety of a red day and a green day, a yellow day 
and a blue day. Sir John Herschel observes, in one of his papers 
•in the Philosophical Transactions, as a very remarkable fact, 
that, although red stars are common enough, no example of a 
solitary blue, green, or j)urple star has yet been produced. 

Sirius is the only star on record whose colour has changed. In 
the time of Ptolemy it was red; how it is one of the whitest stars 
in the heavehs. 

M. Struve has found that, out of 696 bright double stars, 375 
pairs have the same intensity of light and colour ; 101 pairs 
have different intensity, but tbe same ^lour ; and 120 pairs 
have the colours of the fwo stars decidedly different. 

Certain* rays, which' exist in the sun’s light, are wanting in the 
ijpectra.of every coloured star, and probably never existed in the, 
light of these stars, as there is no reason to believe that they 
are absorbed by the stars^ atmosphere, though they may be by 
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the earth’s. There are no defective rays in the white 
Sirius, Procyon, and others; but Sir David Brewster found 4h 
the spectrum of the orange-coloured light of ( Herculp a defectiye * 
band in the red space, and two or more in the blue ; cci)s^uei^» 
the orange colour of the star is owing to a want of blue te 
flames in which certain rays arc wanting take the cplQuf ‘o{:ithe 
predominating rays. If the black rays in the solar ^pedtrUin 
were owing to the absorption of the sun’s atmosphere, the light 
from the margin of his disc, having to pass- through a greats 
thickness of it, would exhibit deeper lines than that which icomes 
from his centre; but, as no difference is'^rpeptible, it maybe 
inferred that the analogous ^bands in the light of the coloured 
stars are not due to the absorption of their atmospheres, but that 
they arise from the different kinds of combustion by which thm 
bodies are lighted up. 

All the ordinary methods fail for finding the parallax when the 
distances of the stars are very great. An angle even of one or 
two seconds, viewed in the fociis of our largest telescopes, does 
not equal the thickness of a spider’s thread, which makes it 
impossible to measure such minute quantities with any degree of 
accuracy. In some cases, however, the binary systems of stars 
famish a method of estimating an angle of even the tenth of a 
second, which is thirty times more accurate than by any other 
means. From them the actual distances of some of the more 
remote stars will ultimately he known. 

Suppose that one star revolves round another in an orbit which 
is so obliquely seen from the earth as to look like an ellipse in a* 
horizontal position, then it is clear that one-half of the orbit will 
be nearer to us than the othe^alf. Now, in consequence of the 
' time which light takes to tra'm, we always see the satellite star 
in a place which it has already left. Hence, when that star sets 
out from the point of its orbit which is nearest to us, its light 
will take more and more time to come to us in proportion as the 
star moves round to the most distant point in its orlat. On 
account the star will appear to us to take more time in 
through that half of its orbit than it really does. Exactly 
ocntniry takes place on the other half ; for the light wiU ta^fl * 
less and less time to arrive at the ^h in proportion a# the at# 
approaches nearer to us ; and therefore ie will seem: , 
throog^L this half 'Of orbit in less time than 
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This circmriMtance the means of finding tbe absolute 

of the qrbit in miles, and from that t^trae distance of 
the earth. For, since 

of the satellite star from the earUpte^qlltee breadth of 
its orbits the time which the star takeslKlpve fr S|t he nearest 
to&S i^otest point of its orbit is greater t|ian it to be by 
the wholl time its light takes to cross the orbit^ s^jthe period 
of xnoving through the other half is exactly as much less. Hence 
the difference betwe^ithe observed times of these two semi* 
revolutions of the stf^i^ equal to twice the time that its light 
employs to cross its orbit ; and, as we know the velocity of light, 
the diameter of the orbit may be found in miles, and from that 
its whole dimensions; for the position of the orbit with regard 
to ns is known by observation, as well as the place, inclination, 
and apparent magnitude of its major axis, or, which is the same 
thing, the angle under which it is seen from the earth. Since, 
then, three things are known in this great triangle, namely, the 
base or major axis of the orbit in miles, the angle opposite to it 
ay he earth, and the angle it makes with tbe visual ray, the dis- 
place of the satellite star from the earth may be found by the 
most simple of calculations. The merit of having first proposed 
this very ingenious method of finding the distance of the stars is 
due to M. Savary ; but, unfortunately, it is not of general appli- 
cation, as it depends upon the position of the orbit, and a long 
time must elapse before observation can furnish data, since the 
shortest period of any revolving star that we know of is 3.0 years. 
Still the distances of a vast number of stars may ultimately he 
made out in this way ; and, as one important discovery almost 
always leads to another, their mai^ may thus bo weighed against 
that of the earth or suii. * 

The only data employed for finding the mass of the earth, as 
compared with that of the sun, are, the angular motion of our 
globe round the suu in a second of time, and the distance of the 
earth from the sun in miles (N. 233). Kow, by observations of 
the binary systems, we know tbe angular velocity of the small 
star ^und the great one ; and, when we know the distance 
betWeen the two stars in miles, it will be easy to compute how 
ihany miles the small star would fall through by the attraction 
of great one in a second of time. A comparison of this apace 
with the spaoe through which the earth would descend towards 
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the sun in a second will ^ve the latio.hf the mass the great 
star to that of the sun or earth. Accordii^ to M. Bessel, the 
weight of .the two stamof.61 Gygni is'eqiial to half the weight of 
the sun. Little as w^now of the absolute magnitude of the 
fixed stars, the quantity of light emitted by many ofth^ shows 
that they must be much larger than the gun. Dr. 'Wollaston 
determined the approximate ratio which the light of a w|x condle 
bears to that of the sun, moon, and stars, by comparing their 
respective images reflected from small glass globes filled with 
mercury, whence a comparison was established between the 
quantities of light emitted by the celestial bodies themselves. By 
this method he found that the light of « Lyree is five and a half 
times greater than that of the sun. Sic John Herschel reflected 
the mooh\ light totally by a prism, which, concentrated by a 
le^, was ^mpared directly with that of « Contauri. After 
wljdng a^wance for the quantity of the moon*s light lost in 
;^sing through the lens and prism, he found that the mean 
quantity of light sent to the earth by a full moon exceeds that 
sent by « Centauri in the proportion of 27,408 to 1. Nc^w. 
Dr. Wollaston found the proportion of the sun^s li^t to that of 
the full moon to be that of 801,072 to 1. Hence, the light sent 
to us by the sun is to that sent by m Centauri as about twenty- 
two, thousand millions to one. But, as the parallax of » Centauri 
is 1'', it really is two and a half times brighter than the sum 
The light of Sirius is four times that of « Centauri, but its 
parallax is only 0"'2d0: hence it bas an intrinsic splendour 63*02 
times that of our luminary. It is therefore estimated to be a 
hundred times as large ; so that, were Sirius in the earth’s place, 
its surface would extend as far as the orbit of the 

moon. The light of Sirius^Amrding to the observations of 
Sir John Herschel, is 324 times greater than that of a star of the 
sixth magnitude ; if we suppose the two to be really of the same 
size, their distances from us mhst be In the ratio of 57*3 to 1, 
because light diminishes as. the square of the distance of the 
luminous body increases. 

So mny of the stars have proper motions altogether indepeu* 
dent of the annual rotation of the earth in its orbit^ that it ma;^ ^ 
be doubted whether there be such a thing as a fixed star*: 
Groombridge is the most rapid known : it has a uiqtiqn 
7^' qI are annually ^ » Centauri moves at the rate of 8^'*^ ahuu- 
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ally, and 6l Gygni deflcribes a line in apace of 6"*12 in the saihei 
ttnie. These tnotiona ai^ probably in curves, but at the distance 
of the earth they will appear to be rectilineal for ages to come. ‘ 
The motion of little more than five seconds of space, which 61 
4fBscriDes annually, seems to. us to be extremely small ; 
but at th| distance of that star an angle of one second corresponds 
to twenty-four millions of millions of miles; consequently the 
^ual motion of 61 Cygni is 120 millions of millions of miles," 
and yet, as M. Arago observes, we call it a 4ixod star. From the 
stoe cause it is evident that the crowding of the stars in the 
Milky Way may be apparent only, and that the stars may be at 
vast distances from one another, and no doubt are. 

Were the solar system and the whole of the stars visible to 
us carried forward in space by a motion common to all, like ships 
drifting in a current, it would be impossible for us, moving with 
therekt, to ascertain its direction.. Sir William Herschel per- 
ceived that a great part of the motions of the stars is only 
apparent, arising from a real motion of the sun in a contrary 
^Ini^tion. Among many discrepancies he found that the stars in 
the northern hemisphere have a general tendency to move towards 
a point diametrically opposite to x Herculis, which he attributed 
to a motioi^ of the solar system in a contrary direction. For it 
was evident to him, that the stars, from the effects of perspective 
alone, would seem to diverge in the direction to which the solar 
system was going, and would converge towards the space it had 
left, and that there would be a regularity in these apparent 
motions which would hereafter be detected. Since Sir William 
Herschel’s time the proper motion^f the stars have been deter- 
mined with much greater accuinHl'and many have been added 
to th^ list by comparing the ancient and modem tables of their 
places ; his views have been established by four of the greatest 
astrouc^ers of the age, MM. ^Lundahles, Argelander, Otto 
Stirtt^e> and Peters, who have clearly proved the motion of the 
stU fiw that of the stare in the ncrthem hemisphere, and Mr. 
^atto'v^y has come to the same conclusion from the motions of 
iu the southern hemisphere (N. 234). The result is^, 
jUiieompflnied by all his attendant planets, is moving 
at ^^ rate bf “422,424 miles— or over a space nearly equal to bis 
^ the couTM of a day, and that the motion is. 
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directed towards a pdintina line joining the two stars > and 
«* Herculis at a quarter of the apparent distance of these two 
stars, reckoning from tr Herculis. This intestigaiaon was founded 
upon no law assumed or observed, such as the circulation of all 
the stars of our firmament abdtit a common centre, though 
philosophers have speculated as to the probability of such a 
motion in the sun and stars in thb plane of the Milky Way. 
Should the sun and his stellar companions be moving in a nearly 
circular orbit, the centre of motion would be in the plane passing 
thtOipgh the sun perpendicular to the direction of his motion. 
The constellations through which that great circle would pass 
are Pisces, Australis, Pegasus, Andromeda, Perseus, &c. ^ M. 
Argelander is of opinion that the sun’s orbit is nearly in the plane 
of the Milky Way, and, “therefore, that its centre must probably be 
in Perseus, while M. Madler places it in the Pleiades, which seems 
to be inadmissible ; but the data are too uncertain at present to 
admit of any absolute conclusion as to the sun’s orbit and the 
general motion of the stellar firmament : for' though the stars in 
every region of the sky tend towards a point in Hercules, it i8*TiKk 
yet known whether their motions are uniform or variable^. whether 
the sun’s motion be gradually changing, and whethex^^e stars 
form different independent systems, each having its centre 
of attraction, or if all obey one powerful controlling force which 
pervades the whole univei-se. Accurate observations ofihf ;^aees 
of a select number of stars of all dimensions in Way 

continued for a series of yeara would no doubt decide Imi point. 

The proper motion of a star combined with thd' piogresaive 
velocity of light alters the apparent periodic time of thh revolving 
star of a binary system. If fne orbit of a double star bo%t right 
angles to the visual ray, and both the sun and the star at rest, the 
periodic time of the revolving star, say of 10,000 days, would 
always he the same. But if the centre of gravity of the star 
were to recede in a direct line from riie sun with the velocity of 
one tenth of the radius of the earth’s orbit in a day, then at the 
end of 10,000 days it would be mori remote from us by 1000 oT 
such htdii^-^ space light would take days to traverse : 
hence, altl^gh the periodic time of the star would really be the 
same^ the completion of its period would only be kneWri to us 57 
days after it had taken place, so tha% the periodie time would 
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i^pear to us to be 10,057 days instead of 10,000. Were the star 
to approach to the sun by the same quantity instead of receding, 
the apparent periodic time would be diminished by 57 days. 

As the sun is only a unit in the stellar system, so the Milky 
Way, apd all the stars that adorn the firmament of both hemi- 
spheres, institute a group which is but a unit among the infinite 
numbers of starry clusters and nebulas that are profusely scat- 
tered throughout the universe. 

By the aid of a good telescope there may be seen on the clear 
vault of heaven, between the stars of our own stellar system^and 
far in the depths of space, an immense multitude of objects like 
comets or clouds of white vapour of all forms and sizes. Some 
are mixed with stars, others are entirely formed of them. Many 
appear as if they were stellar, but required a telescope of higher 
power to resolve them, and vast numbers appear to be matter 
rarefied in the highest possible degree, giving no indication of a 
stellar nature; and these are in every state of condensation, from 
a vague film hardlyto be discerned to such as have actually 
wmfedata solid mtcleus of stars. The cloudy appearance is 
merely the blending of the rays of innumerable stars which are 
themselves invisible from their extreme distance, like parts of the 
Milky Way. ^ir William Hcrschel was at first of that opinion, 
and the nebulas that have been resolved by Lord Kosse’s telescope 
have led astronomers to believe that such is the case. Yet the 
tails of comets, the zodiacal light, and the extensive luminous 
atmospheres which encompass many of the stars, show that, in 
all probability, a self-luminous phosphorescent material substance 
in a highly diluted or gaseous form exists in vast abundance. 

The number of the nebulas, like that of the stars, is only limited 
by the imperfection of our instruments, for each improvement in 
the telescopy only enables us to penetrate a little farther into the 
infinity of spoce^to see a few more of these shadowy existences 
in the far distance, and to resolve a few more of those that are 
comparatively near. Sir William Herschel examined the nature 
and determined the position of 2500 nebulas in the northern 
hemisphere whose places were computed from his observations, 
reduced to a common epoch, and arranged into a catalogue, in 
order of right ascensioh, by his sister, Miss Caroline Hersohelf 
who added lustre to the name she bore by her eminence in astro- 
nomioal knowledge and discovery. * Sir John Herschel revised 
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his father’s observations, and added 800 nebulas to the catalogue 
before be went to the Cape of Good Hope, in order to oomplete 
the survey of the heavens. On his return he published a cata*^ 
logue of 2049 nebulas of the sbuthem hemisphere, which 500 
were previously unknown, with their position in the beavens. 
Ip. a work unparalleled for elegance of style, depth of k^^owledge, . 
and originality of views, he has given engravings from his draw* 
ings of the most remarkable objects, so that Whatever changes 
may take place in their form, place, or condensation, will be 
koMpfc by astronomers of future ages. 

'^ugh infinite in variety, the nebulas are of two distinct 
classes ; one consists of patches of* great dimensions, capriciously 
irregular, assuming all the fantastic forms of clouds, now bright, 
now obscure; sometimes like vapour flying before the wind ; 
sometimes stretching long arms into space. Many present an 
ill^defined surface, in which it is difficult to say where the centre 
of the greatest brightness is. Large portions are resolvable into 
stars ; many have a granulated appearand, as if they were rer 
solvable ; and others probably are not so merely from the sniaR* 
ness and closeness of the stars, and possibly from their remote- 
ness, indicating the complex and irregular form the Milky Way 
would present if seen from a distance. A wonderful nebula of 
this kind is visible to* the naked eye in the constellation of Orion i 
it is of vast extent, sending branches even into the southern 
hemisphere ; and, although Lord Rosse’s' telescope has resolved 
much that had hitherto resisted others, there are parts that still 
maintain their nebulous appearance from extreme remoteness, 
presenting a kind of nmttlcd aspect, like flocks or wisps of wool, 
or mackerel sky. There can be no doubt of its being an un- 
fathomable congeriea of stars, which there is- reason to believe has 
changed its form in some parts within the last fifty years. Vast 
multitudes of nebulae of this kind are so faint as to with diffi- 
culty discerned at all. till they have been f(^ some time in: the 
Md of the telescope, or are just about to quit’ it. Ood^boally 
they are so vague, that the eye is conscious of som^btDg being 
present, without being able to define what it is; but; the un- 
changeableness of its position convinces the mind is 
objecb;-“an im^ was before mine eyeSj but I ootilil 
the fonn thereof.” \ 

No drawing can give an idea of the boundfuies of sui^ ' 
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as that of Orion ; eye^ with Lord ItOBsa^sidesciOpd the edges either 
fade into* a luminous mist, which beeomes more rare till it is im*- 
perceptihle, or end in artissue of fafntish flooculi, or in filaments 
which become finer and more sdhttered fill fiiey cease to he 
visible, ^hewing that the reailhoifiidarieB have not been seen* 

The o^r class of nebuUs, vastly inferior in size, of definite 
forms ann great variety of character, aie scattered through the 
remote heavens, or congregated in a great nebulous district far 
from the Milky Way. Many cling to stars like wisps of ebuds, 
others are exactly like comets with com» and tails ; buttl||||K«t 
definite forms are annular and lenticular nebul®, nebulous^ars, 
planetary and elliptical nebulas, and starry clusters. However, 
there are two in the northern hemisphere differing fiom all of 
these, which are described by Sir John Herschel as amazing 
objects. One in Yulpecula is like an hourglass or dumb bell of 
bright matter, surrounded by a tbln hazy atmosphere so as to 
give the whole an oval form, or the appearance of an oblate 
spheroid ; with fL higher optical power its form is much the same„ 
‘the brighter part is resolved into stars, and the hazy part, 
though still nebulous, assumes. tliEt mottled appearance which 
shows that tho whole is a stellar system of the most peculiar 
structure : it is a phenomenon that bears no resemblance to an^ 
known object. (Fig. 3, plate 8, and fig. 3, plate 9). The other 
is indeed most wonderful, and its history shows the gradual 
increase in the space-penetrating power of telescopes. To Messier 
it appeared merely to be a double nebula with stars ; with Sir 
William Herschel’s telescope it presented the appearance of a 
bright round nebula encompassed at a little distance by a hala 
or glory, and accompanied by a companion ; while in Sir John 
Herschel’s 20 feet reflector it appeared to consist of a bright 
round nucleus, surrounded at a ^stance by a nebulous ring split 
thiough half its circumference, and having the split portions 
septoted at an angle of 45 degrees each to the plane of the 
oth^ * (Fig, 1, plate 10.) This nebula appeared to Sir John to 
bw a strong similitude to the Milky Way, suggesting the idea 
of a biofiier system boaring a real physical resemblance and 
strong analogy of structure to our ovm.” 
rTlds ohjeot, which disclosed to Lord Rosse the^tonishing 
phfmcsnanon of spiral nebulsB seen in bis telescope, pfesenta 
of 4he fig. 1 in plate.lQ, in which the paffial 

T 
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division of the limb of the ring into tvyo branches is at OQ,ce 
recognised in the bright convolutions of the spiral. The out* 
lying nebula is connected by a narrow curved band of light with 
the ring ; the whole is eithef resolved into stars, pr evidently 
might be with a still higher optical power. With regar4» to the 
marvellous nebula in question Lord Rosse observes, thgt “ with 
each increase of optical power the structure has become more 
complicated, and more unlike anything that could result from 
any form of a dynamical law of which we find a counterpart in 
our System. The connection of the companion with this great 
nebula, of which there is not the least doubt, adds to the difficulty 
of forming any hypothesis. It is impossible that such a system 
could exist without internal movement, to which may he added 
a resisting m^ium ; but it cannot be regarded as a case of mere 
static equilibrihra.” This is by no means the only instance of a 
spiral nebula ; Lord Rosse has discovered several others : some are 
easily seen — others require the highest powers of his telescope. 
gFrom the numerous offsets that branch from the Milky Way and 
ran far into space, it may possibly partake also of the spiral 
There are seven annular fiebidm in the northern hemisphere, 
since Lord Rosse has discovered that five of the planetary nebulas 
belong to this class. One of the finest examples of an annular 
nebula is to be seen midway lietween jS and y Lyrje (fig. 2, plate 9). 
According to Sir John Herschel, it is elliptical in the ratio of 4 to 
5, and is sharply defined — the internal opening occupying about 
half the diameter. This opening is not entirely dark, but filled 
with. a faint hazy light like fine gauze stretched over a hoop. Its 
diameter, if it is as far from us as 61 Cygni, must be 1300 times 
gi-eater than the diameter of the earth’s orbiiHrdimensions that 
are most astounding. Lord Rosse’s telescope resolves this object 
into stars of extreme minuteness, with filaments of stars adhering 
to its edges and a pretty bright star in its interior. These rings 
are like hollow shells whose borders seem brighter because the 
nebulous substance, whatever it may be, is more condensed to 
appearance than the central part. The other annular nebula in 
the northern hemisphere .described by Sir John Herschel is a 
small faint object, and more easily resolvable into stars. One of 
the annular nebulae seen by Lord Rosse is surrounded by a faint 
external fiat ring ; another has ansae, as if an annular nebulous 
ring encompassed it and was foresboriened* Two annular nebula} 
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have perforations as if the black sky was seen through openings 
in the interior haze, for in no instance is the central opening 
quite dark. 

Some nebulas are like very elliptical annular systems seen 
obliquely. If they be elliptical flat rings, the dark centre may bo 
a real opening ; but should the systems be a series of veiy long 
elliptical concentric shells surrounding a hollow, the dark axis 
may be merely a line of comparative darkness. 

The connection of the elliptical nebulai with double stars is 
mentioned as very remarkable. In one elliptical nebula%hose 
longer axis is 50' there are two individuals of a double star eacli 
of the loth magnitude symmetrically placed rather nearer the 
vertex of the ellipse than the foci ; in another the stars are UU" 
equal, but placed exactly at the extremities of the major axis, 
a^ in plate 8 : besides these there are several other instances. 

Double nebulas are not unfrequent in both bemisplieres, ex- 
hibiting all the varieties of distance, position, and relative bright- 
ness, with their counterparts the double stars. The rarity of 
* single nobulie as large, faint, and as little condensed in the centre 
as these, makes it extremely improbable that two such bodies 
should be accidentally so near as to touch, and.often in part to over- 
lap each other, as these do. It is much more likely that they 
constitute systems ; and, if so, it will form an interesting object 
of future inquiry to discover •whether they possess orbital motion. 

Nebulous stars are beautiful objects, quite different from all 
the preceding. They are round or oval, increasing in density 
towards the centre. Sometimes the central matter is so vividly 
and sharply condensed and defined that the nebula might bo 
taken for a bright star sun-ounded by a thin atmosphere. One 
is a star of the 8th magnitude exactly in the centre of a round 
bright atmosphere 25" in diameter ; the star is quite stellar, and 
not a nucleus : it has not the smallest appearance of being resolv- 
able. Another nebulous stir is • Orionis, which has a broad at- 
mosphere in which is a dark cavity not sylnmetrical with the star, 
and a small double star wijji a similar opening on the edge of the 
atmosphere. Lord Rosse observes that these openings appear to 
be of the same nature, with that within the bright stars in the 
trapezium of Orion, the stars being at its edge ; and he is con- 
vinced that the stars are no’t only connected with the nebula, but 
that they are equidistant with it ; hence, if their parallax can be 
* • T 2 
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found, the distance of this nebula would be determined. The 
zodiacal light or lenticular shaped luminous haze surrounding the 
sun which may be seen extending beyond the orbits of Mercury 
and Venus soon after sunset in the months of April and May, or 
before dawn in November and December, seems to plage our 
luminary in the class of nebulous stars. The extensive and 
delicate atmosphere of these nebulous stars assumes all degrees of 
ellipticity, from the circular to the spindle-shaped ray, or almost 
the right line. 

Planetary nebulai have exactly the appearance of planets with 
round or oval discs, sometimes sharply terminated, at other times 
hazy and ill-defined. Their surface, which Js blue or blueish 
white, is equable or slightly mottled, and their light occasionally 
rivals that of the planets in vividness.* ITiey are generally 
attended by minute stars, which give the idea of accompanying 
satellites. These nebulae arc of enormous dimensions. One near 
y Aquarii has a sensible diameter of alx)ut twenty seconds, and 
another presents a diameter of twelve. Sir John Herschel has 
computed that, if these objects be as far from us as the stars, 
their real magnitude, on the lowest estimation, must be such as 
would fill the orbit of tTmnus. He concludes that, if they be 
solid bodies of a solar nature, their intrinsic splendour must be far 
inferior to that of the sun) because a circular portion of the sun's 
disc subtending an angle of twenty seconds would give a light 
equal to that of a hundred full moons ; while, on the contrary, 
the objects in question are hardly, if at all, visible to the naked 
eye. From the uniformity of the discs of these planetary nebuhe, 
and their api>arent want of condensation, he presumes that they 
may be hollow shells emitting light from their surface only. 
The southern hemisphere is very rich in them, where twenty- 
eight or twenty-nine have been discovered, some in the midst of 
a cluster of stars, with which they form a beautiful contrast. 
Three are of a decided blue colour, one Pnissian blue, or verdlter 
green, the other two of a bright sky blue, of great bekuty tod 
delicacy. One seems to belong to the class of double nebula or 
double stellar nebulas of the utmost remoteness. Since Lord 
Posse's telescope has shown that five of the planetary nebulas jure 
annular, some of those in the southern hemisphere may ulti- 
mately be found to belong to the same class. 

Probably nine tenths at least of the nebulous contents \ of the 
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heavens consisf of spherical or elliptical forms presenting every 
variety of elongation and central condensation. Of these a great 
number have been resolved into stars, and a great many present 
that mottled appearance which rendere it certain that an increase 
of optical fower' would decompose them. 'Those which resist do 
so oh account of the smallness and closeness of the stars of which 
they C(^8ist. 

Elliptical nebulae are very common ; by much the finest may 
be seen near the star v in the girdle of Andromeda. It is visible 
to the naked eye, and has frequently been taken for a comet. 
With a low optical power it has the spindle-shaped form of fig. 6, 
plate 5, the brigh|pess being at first gradually and then raindly 
condensed towards the centre, so that it has been compared to a 
star sliining through horn, bub had never api)eared resolvable even 
with high optical powers till Mr. Bond examined it at the obser- 
vatory of Cambridge in the United States. He found that its 
brightness extends over 2^ degrees in length, and more than a 
degi'ee in breadth, including two small adjacent nebulae ; so that it 
is oval. It is strongly and rapidly condensed into a nucleus on 
its northern side j and although it was not all resolved, it was 
seen to be strewed over with star dust, (k^iexfremely minute visible 
stars, which loaves not a doubt of its being a starry sj’stcm. The 
most reraaikable part of Mr. Bond’s discovery are two very 
narrow dark lines w’hich extend along one side of the oval parallel 
to its major axis. These black streaks, difficult to distinguish, 
indicate a stratified structure, and are not the only instance of 
that arrangement in nebulaj. Fig. 1, in plate 9, is from Mr. 
Bond’s drawing of this nebula. 

Multitudes of nebulic appear to the unassisted eye, or are seen 
with ordinary telescopes, like round comets without tails ; but 
when viewed with powerful instruments they convey the idea of 
a globular space, insulated in the heavens and full of stars, con- 
stituting a family or society apart from the rest, subject only to 
its own internal laws. To attempt to count the stars in one of 
tliesG globular clusters, Sir John Herschcl says, would be a vain 
task ; they are not to be reckoned by .hundreds. On a rough 
computation, it ap^x^ars that many clusters of this description 
must contain ten or twenty thousand stars compacted and wedged 
together in a round space, whose ap^rent area is not more than 
a tenth part of that covered by the moon ; so that ite centre^ 
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A'here the stars ai'€ seen projected on each other, is one blaze o( 
light. If each of these stars be a sun, and if they he separated 
intervals equal to that which separates our sun from the neare^ 
fixed star, the distance which renders the whole cluster bSttljr ’ 
visible to the naked eye must lie. so great, that the ekistenoe of 
such a splendid assemblage can only be known to us b/ light 
which must have left it at least a thousand years ago, C These 
magnificent globular or spheroidal aggregates of stars are so 
arranged that the interior strata are more crowd^ and become 
more nearly spherical as they, approach the centre. A most 
splendid object of this nature may be seem in tbe constellatiou 
Hercules (N. 235). 

Of 131 of these magnificent objects in tbe ^Riern hemisphere, 
two of them are pre-eminently splendid. The globular cluster of 
a Centauri is beyond comparison the finest of its kind : it is per* 
fectly spherical, and occupies a quarter of a square degree ; the 
stars in it are literally innumerable, crowding and densely aggre* 
gated towards the centre ; and, as its light is not more to tbe ♦ 
naked eye than that of a star of the 4th or 5th magnitude, their , 
minuteness is extremj. It has a dark hole in its centre, Vith a 
bridge of stars across, — a oircumstance peculiar to this cluster, 

LacailleV globular cluster, or 47 Toucani, is completely insu^ 
lated in a, very dark part of the sky not far from the lesser of the 
Magellanic clouds. The stars, wliich are of the 14th magnitude, 
immensely numerous, compressed aud white, form three distinct ■ 
stages round a centre, where they suddenly change in hue, and 
form a blaze of rose-coloured light. One cluster consists of large 
niddy stars and small white ones ; another of greater beaiity con- 
sists of shells or coats of stars of the 11th and 15th magnitude. 
There are thirty globular clusters of extreme beauty collected 
within a circular space of not more than eighteen degrees radius, 
which lies in the part of the sky occupied by the constellations 
Corona Australis, the body and head of Sagittarius, the tail of 
Scorpio, part of Telescopiura and Ara, The Milky Way possez. 
diametrically across the circular area in question, which gives 
prodigious brilliancy to this i)art of tlie sky. For besides these 
globular clusters, which all lie in the starry part, and not in the 
dark spaces, there are the only two annular nebulas, khbwtt to' 
exist in the southern hemisphere. No part of the heavens; is > 
fuller of objects beautiful and remarkable in themselves, ami ren« 
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dered still more so by their mode of association, and by the i>eculiar 
featureit assumed by the Milky Way, which are without a parallel 
for richness and magnificeivse in any other i)aTt of the sky. Some 
of the globular clusters are so remote that the stars are scarcely 
discernible-^mere star dust. - There is a double globular cluster 
in the* southera hemisphere of very small dimensions, separated, 
by a mi|mte interval,^ — a combination 'which suggests the idea pf 
a globular cluster revolving about a very oblate spheroidal one in 
the plane of the equator, and in an orbit which is circular, and 
seen obliquely like the central nebula itself, with a diameter 
somewhat more than four times the latter, — a stupendous system 
doubtless, but> of which the reality can hardly be supposed 
improbable.* 

There appears to be some connexion between ellipticity of form 
and difficulty of resolution, for spLerical clusters are *in general 
easily resol veil into their component stars, while tirere is scarcely 
an instance of an elliptical cluster yielding except to a very high 
optical po\^r. Vast masses of the nebulae have never been re- 
.sohHjd. Lord Rosse’s great telescoi)e has resolved parts fif the 
nebula of Orion, and various others which had not yielded to in« 
struments of less jower ; it enables tlie astronomer to penetrate 
farther into si)ace, and shows objects with greater clearness, than 
any other. But, excellent as this instrument is, thousands of 
nebulae are" not to be resolved even by it. Those wlio imagine that 
any work of man can resolve all the nebulous matter in the 
heavens must have a very limited idea of the extent and sublimity 
of creation, • 

Innumerable nebulas in both hemispheres take the form of 
clusters of stars, but are totally different from the globular clus- 
ters, inasmuch as they are of irregular form and follow no uniform 
law of coudeni^tioii. 'i'he riciades is an instance in. our own 
stellar system ; for although only 7 or 8 stars are visible to the 
naked eye, telesco|x;8 show that more than 200 belong to the 
group. In the constellation Cancer there is a luminous spot called 
the Praesepe or Beehive* which a very low power resolves into 
stars; and*the constellation Coma Berenices is another stellqr 
group* Many are of exquisite beauty, as that round a Gruels, 
whic^, though consisting of only & hundred and ten stars, is like 
a piece of fancy jewellery, from the colours of the stars, which axe 
greenish white, green, blucish green, and red. Many of these 
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clusters contain tliousands of •stars, and are frequently iu the 
IK)orer parts of the sky, as if in tlie course of ages the stars had 
been attracted towards a centre. , ^ ; , 

The existence of* every degree of ellipticity in the nebulaa-rfrotn 
long lenticular rays to the exact circular form — aftd of every 
.shade of central condensation, from the slightest inoi&se of 
density to apparently a solid nucleus — may be accoifuted for 
by supposing the general constitutions of those nebulas to be 
that of oblate spheroidal masses of every degree of flatness {rota 
the.sphere to the disc, and of every variety in their density and 
ellipticity towards the centre. It would be erroneous, however, 
to imagine that the forms of these systems are maintained by 
forces identical with those already described, which determine the 
form of a fluid mass in rotation ; because, if the nebulae be only ^ 
clusters of separate stars, as in the greater number of casea there 
is evejy reason to believe them to bo, no pressure can be propa- 
gated through them. Consequently, since no general rotation of 
such a system as one mass can be supposed, it may be conceived 
to bo h quiescent form, comprising within its limits an indeflnite 
number of stars, eacli of which may be moving in an orbit about 
the common centre of the* whole, in virtue of a law of internal 
gravitation resulting from the compound gravitation of all its 
parts. Sir John Herschel has proved that the existence of sii^ 
a system is not inconsistent with the law-' of gravitation uho^ 
certain conditions. 

The distribution of tlie nebuliE x)ver tlie heavens is even more 
irregular tlian that of the stars. In some places ‘they are so 
crowded together as scarcely to allow one to pass through the field 
of the telesco]TC before another appears, w'hile in other parts hours 
elapse without a single nebula occurring. They are in general 
only to be seen with the best telescopes, and are most abundant 
in a zone whose general direction is not far from the hour circles' 
0** and 12*», and which crosses the Milky Way nearly at right 
angles. Where that nebulous zone pas.ses over the constellations 
Virgo, Couin Berenices, and the Great ifear, they are to be found 
in multitudes. • ' V 

* Tlie nebulous system is nearly divided into two parts by the 
Milky Way, One*third of the whole visible nebulous contents of 
the heavens forms a broad irregular mass, interspersed with 
vacant intervals, which fills about an eighth of the surface of the 
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northern hemisphere. It occupies the constellations Leo, Leo 
Minor, the body, tail, and hind legs of Ursa Major, the nose of 
Camelopard, the^point of the tail of Draco,* Canis Venatica, Coma 
Bernices, the preceding leg of Bootes, and the head, wings, and 
shoulder o4 Virgo, which is the richest part. There is a lesser 
hebuWus region in this hemisphere, but entirely separated from 
the preceding, which occupies the chest and wing of Pegasus, the 
constellatibns Pisces and Andromeda. If we could imagine the 
ring or zone 0 / the Milky Way to encircle or coincide with the 
horizon, the great nebulous mass would form a canopj^over head, 
descending down to a considerable distance on all sides, chiefly 
towards the north pole ; and the richest part, which is in Virgo, 
would then be directly over head in the north pole of the Milky 
Way, that is in 12** 471" right ascension, and 64^ north polar 
distance. 

With the exception of the Mjigcllanic clouds, there is a much 
greater uniformity in the distribution of the nebulaj in the south- 
ern hemisphere than in the northern. They are separated by 
spaces of vacuity of greater or less dimensions. One of these 
barren regions extends for nearly fifteen degrees all around the 
south pole, and close on its l)order ; the lesser of th 9 Magellanic 
clouds occurs i'ompletoly insulated ; while the greater Magellanic 
cloud is in connexion with something approacliiug to a zone of 
connected nebulous patches which extends along the back of 
Doradus, through a portion of Horologium and Eridanus, part of 
Fornix, and over the i)aws of Cetus to the equator, where it 
unites with the nebulous regions of Pisces. 

The Magellanic clouds form two of the most striking features 
in the southern hemisphere ; both of these nel)ula3 are visible to 
the unassisted eye, being nearly of the same intensity as the 
brighter portions of the Milky Way ; hut the smaller is entirely 
effaced by moonlight, and the larger nearly so. They are altoge- 
ther unconnected with the Milky Way and with one another. 
The Nubecula Major is far superior to the Nubecula. Minor in 
eVefy respect, though they are similar in internal structure. 
The former consists of large tracts and ill-defined jiatches of irre- 
solvable nebula?, and nebulosity in every stage of resolution, up 
to perfectly msolved stars like the Milky Way ; and also of regu- 
lar afld irregular nebula?, properly so called ; of globular clusters 
'in eybry stage of tesolvability ; and of clustering groups siiffi- 

• ^t3 
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ciently insulated and condensed to come under the designation of 
chistors of stars. Of these the nehula kno'tvn as Lacaille's 30 
Doradns is too remarkable to be passed over. It is v^ry large, 
situate within the Nubecula Major, and consists^of anai|j9emblage 
of nearly circular loops uniting in a centre, in or pear which 
there is a circular black hole. In short, for the numbfr and 
variety of the objects, there is nothing like this clOud. Within 
an area of only forty-two square degrees, Sir John Hers&el has 
determined the places, and registered 278 nebulas and clusters of 
stars, with fifty or sixty in outlying members immediately adja* 
cent. Even the most crowded parts of the stratum of Virgo, in 
the wing of that constellation, or in Coma Berenices, oifer nothing 
approaching to it. • It is evident, from the intermixture of stars 
and unresolved nebulosity, which probably might be resolved 
with a higher optical power, that the nubeculas are to be regarded 
as systems mi fjeneris^ to which there is nothing analogous in 
our hemisphere. 

Next to the Magellanic clouds the great nebula round i; Argils 
is one of the most wonderful objects of the southern sky. It is 
situate in that |mrt of the Milky AVay which lies betweeq the 
Centaur and the lx)dy of Argus, in the midst of one of those rich 
and brilliant masses, a succession of which is so curiously 
trasted with the profoundly dark adjacent spaces, and surrounded 
by one of the most beautiful i)arts of the southern heavjens. 

JoJin Herschel says ; “ It would be impossible, by verbal de- 
scription, to give any just idea of the capricious forms and irregular 
gradations of light affected by the different branches and append- 
ages of this nebula. Nor is it easy for language to convey a full 
impression of the beauty and sublimity of the spectacle it offers 
when viewed in a sweep, ushered in as it is by so glorious and 
innumerable a prexjession of stars, to which it forms a sort of 
climax, justifying expressions which, though I find them written 
in 'my journal in the excitement of the moment, would be 
thought extravagant if transferred to these j^ges. In fact, it is 
impossible for any one, with the least 6|)ark of astronomical en- 
thusiasm about him, to pass soberly in review with a powerful 
telescope, and on - a fine night, that portion of the southern sky 
which is comprised between the 6th and 13th degrees , oif right 
ascension, and from 146® to 149® of north polar distsj^ j Sudh 
arc the variety and interest of the objects «h6 will encOput^/ sud 
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9uch the dazding richness of the starry ground on which they 
lepres^ted to his gaze.” In that portion of the shy there 
are many fine double stars — ^rich starry clusters; the elegant 
glister of variously coloured s^ars round jcCrucis; a large 
plfl^etary nebula with a satellite star ; another of a bright blue 
colony exquisitely beautiful and unique; and, lastly, i; j^rgfis 
1 tself, the mod# extiaordinary instance of a variable star in astro* * 
noQiical^ history. 

It frequently occurred, during Sir John Herschel’s survey of 
the southern heavens, that some parts of the sky were noted for 
d^per blackness than others, stars could be seen ; it 

frequently happened that far from the Milky Way, or any large 
nebula or cluster of stars, there were some indications of very 
remote branches of the Milky Way, or of an independent sidereal 
system or systems, beagpg a resemblance ' to such blanches. 
These were indicated by an exceedingly delicate and uniform 
dotting or stippling of the sky by |K)ints of light too small to 
admit of any one of them being steadily and fixedly viewed, and^ 
too numerous to be bunted even if possible to view them. The 
truth of this existence was felt at the moment of olMseiwation ; 
but the oinviction, though often renewed, Avas not permanent. 
The places \\’here these apix?arances occurred are given, in order 
that Uiose who wish to verify them may have it in their i^ower. 

Such is a brief account of a very few of tlie discoveries con- 
tained in i^ir John Herscliel’s great work on the Nebula? and 
other Phenomena of the Southern Hemisphere, — a work which 
wall rise in estimation with the lapse of years. No doubt the 
form and internal structure of many of these nebulas will be 
changed by telescoixjs of higher power ^ but as the places of the 
leading phenomena have been determined, the date of that great 
w'ork may be regarded as the ejKXjh of nebular time whence the 
relaUve changds Uiat take place in the most distant regions of the 
universe will be estimated for ages to come ; and in the inimit- 
able writings of the highly gifted father and son the reader wdll 
find these subjects treated of in a style worthy of it and of them. 
OlT llrte yeai-B the excellence of the instruments, and still more of 
iu^ronomers, in the foreign observatories, have aided the pro- 
g^eaZrOf^ sidereal astronomy immensely. Nor has it be^n culti- 
with less success in our home ahd'colonial establishments : 
pertaiply one of the most remarkable features of the times is the 
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number of private observatories, built and furnished with the 
best instruments by private gentlemen, whose zeal has been 
rewarded by eminent success in all departments of the science. 
(N. 236.) 

^0 numerous are the objects which meet oyr yjiew in tlie 
heavens, that we cannot imagine a point of space wher^ some 
• light vrould not strike the eye ; — ^innumerable starti, thousands of 
double and multiple systems, clusters in one blaze wuh their 
tens of thousands of stars, and the nebiila> amazing us by the 
strangeness of their forms and the incomprehensihility of their 
nature, till at List, from the linyt of our senses, even these thin 
and airy ]>hantoms vanish in the distance. If such remote bodies 
shone by reflected liirht, we should lx* unconscious of their ex- 
istence. Each star must then be a sun, and may he presumed 
to have its system of planets, satellites, and comets, like onr 
own ; and, for aught we know, myriads of lx)dies may be wander- 
ing iu space unseen by us, of whose nature wo ran form no idea, 
,aud sjtill less of the pari they ])crform in the economy of the nni- 
vorse. Even in our own system, or at its farthest limits, minute 
bodies may he i-evolving like flie telescopic planets, wiiieh ar*- 
so small that their masses have liitherto been inappreciable, and 
there may be many still smaller. Nor is this an unwarranted 
]»resuinidion ; many Mich do come within the sphere of the earth’s 
attraction, are ignited by the velocity w’Hh which they ])ass 
through the atmosphere, but leave no residuum. These, which 
are known as falling stars .and meteors, are periodical ; but that is 
b}\no means the case w’ith aerolites, which are also ignited by the 
sudden condensation of the air on entering our atmosphere, and 
are preci])itated in solid pi.assis with such violence on the earth’s 
surface that they arc often dee]ily buried in the ground. 

The fall of meteoric stones is much more frequent than is gene- 
rally Ixjlicved. Hardly a 3 ear passes without some instances 
occurring ; and, if it be considered that only a small part of tlic 
earth is inhabited, it may be ])resumcd that numbers fall in the 
ocean, or on the uninhabited part of the land, unseen by man. 
They are sometimes of- gregt magnitude ; the volume of several 
has exceedeii that of the planet Ceres, which is about 70 miles in 
diameter. One which passed within 25 miles of us w^as estimated to 
weigh about 600,000 tons, and to move with a velocity of alxiut 
20 miles in a second ; a fragment of it alone readied the earth. 
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The obliquity of the descent of meteorites, the peculiar substances 
they are composed of, and the explosion accompanying their fall, 
show that they are foreign to our system ; but whence derived is 
still a mystery. 

Shootin^stars and meteors burst from the clear azure sky, and, 
darting along the heavens, are extinguished without leaving any 
residuum except a vapour-like smoke, and generally without 
noise, ^heir parallax shows them to be very high in the atmos- 
phere, sometimes even beyond its supposed limit, and the direc- 
tion of their moUon is for the racist part diametrically opposite to 
the motion of the earth in its orbit. The astonishing multitudes 
of shooting stars and fire-balls that have ^appeared at stated 
I)eriods over different parts of the "lobe, wfirrant the conclusion 
that there is either a nebula or that there are myriads of bodies 
revolving in groups round the sun which only liecome visible 
when inflamed by entering our atmosphere. 

One of thev nebulae or groups seems to meet the earth in its 
amiual revolution on the 12th and Iflth of Xovcnil)er. 

On the morning of the 12th of Xovember, 1709, thousands of 
shooting stars, mixed with large meteors, illuminated the heavenb 
for many hours ^'ver the whole continent of America, from Brazil 
to Labrador : it extended to Orecnland, and even Genuany. 
Meteoric showers were seen off the coast of Sj>ain, and in the 
Ohio coiintrs , on the morning of the Itlth of Xovcniher, 1831 ; 
and during many hours on the morning of the 13th Xoveml^er, 
1832, prodigious multitudes of shooting stars and meteors fell at 
Mocha on tlie Red Sea, in the Atlantic, in Switzerland, and at 
many places in England. But by much the most splendid 
meteoric slunver on record began at nine o’clock in the evening 
of the 12th of November, 1833, and lasted till sunrise next 
morning. It extended from Xiagara and the northern lakes of 
America to the south of .lamaica, and from 61° of longitude in 
the Atlantic to 100° of longitude in central Mexico. Shooting 
stars and meteors, of the apparent size of Jupiter, Venus, and 
even the full moon, ‘darted in myriads towards the horizon, as if 
every star in the heavens had started froiwtheir spheres. . They 
ai-8 described os having bt'cn frequent as flakes of snow in a snow- 
storm, and to have been scon with equal brilliancy over the 
greater part of the continent of North America. ^ 

Those who witnessed this grand siK'claclc w’crc surprised to 
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see that every one of the luminotis hodies, without exoq)tio|]| 
moved in lines which converged in one point in the h6avet)ii : 
none of them started' from that point; hot their patl|jB» wbeit 
traced backwards, met ixvit like rays in a focus, and the man)aer 
of their fall showed that they descended from it in nearly parallel 
straight lines towards the earth. ^ 

By far the most extraordinary ])art of the whole phenomenon 
is, that this radiant point was observed to remain statioiiKrynear 
the. star y Leonis for more than two hours and a half, whic^ 
proved the source of the meteoric shower to be altogether iuWk, 
pendent of the earth’s rotation, and its i)arallax showed it 
far above the atmosphere. ^ 

As a body could not be actually at rest in tliat position, the 
group or nebula must cither have been moving round the earth 
or the sun. Hod it been moving about the earth, the course of 
the meteors would have been tangential to its surface ; w'hcreas 
they fell almost iMjrpeudicularly, so that the earth in its annual 
revolution must have met with the group. The bodies or the 
parts of tlic nebula that* were nearest must have been attracted 
towards the earth by its gravity, and, as they were estimated to 
move at the rate of fourteen miles in a swoiid, they must have 
taken fire, on entering our atmosphere, and been consumed in 
their passage througli it. 

As all the circumstances of the ]>henomena were similar on the 
same day and during the same hours in 1832, and as extra- 
ordinary flights of shooting stars were seen at many places both 
in Europe and America on the 13th of November, 1834, 1835, 
and 1836, tending also from a fixed }K>int in the constellation 
Leo, it has been conjectured, with much apparent probability, 
that this nebula or group of bo<lies })erfoans its revolution round 
the sun in a |x;riod of about 182 days, in an elliptical orbit, whoso 
major axis is 119 millions of miles ; and that its aphelion dls>- 
tance, where it comes in contact with the earth’s atmosphere, {s 
about 95. millions of miles, or nearly the same with the mean 
distance of the earth from the sun. This body must have met 
with disturbances«fter 1799, which prevented it from encounter- 
ing the earth for 32 years, and it may again deviate from its path 
fmm the same cause. 

It is now well ascertained that great showers of shooting sfam 
occur also on thS 12th of August, whose point of divergence is 
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itt Camelopardalis SO that the earth’s atmosphere comes into con- 
ti^l a zone of these small bodies twice in the year* 3y a 
systitoalfe series of observations, MM. Benzenberg and Brand 
made out that the heights at which the falling stars 
.appisar and yatiish vary from 16 miles to 140, and their velqpities 
miles in a second, velocities so great as certainly to 
‘ ii^tc|db a planetary revolution roynd the sun. As shooting stars 
|tre> lieeil almost every night when the sky is clear,. Sir John 
lAibbodc has thought It -probable that some of these bodies may 
haVe come so'iiear, that the attraction of the earth has overcome 
that of the sun, and caused them to revolve as satellites round it. 
Shpuld that he the case, they might shine by the reflected light 
of the sun, and suddenly cease to be visible on entering the 
earth’s shadow. The splitting of the falling stars like a rocket, 
and the trains of light, may be accounted for by supposing the 
stars to graze the surface of the shadow before being eclipsed ; 
and the disappearance W'ould be more* or less rapid according to 
the breadth of the i)euumbra traversed. . The calculations of M. 
Petit, Director of the Observatory of Toulouse, not only render 
probable tbe existence of small satellites, but tend to establisli 
the identity of a body revolving round the earth iu three hours 
and twenty minutes, at a distance of 5000 miles alx>ve its surface.^ 
It ^ evident that^ in this case the same satellite would be seen 
very often, and a very few would be sufficient to account for their 
niglitly appearance. It is possible, however, that some shooting 
stars may belong to one class, and some to the otlier, since one 
group may be revolving alK)at the sun, and another round the 
earth. In the case of a satellite shooting star, ^geometry furnishes 
the means of hscertainiiig its exact distance from the spectator, or 
from the centre of the earth, if the time and place of its disap- 
})earance be known with regard to the neighlwuring stars. Since 
the falling stars ar6 consumed iu the atmosphere, their masses 
must be small, but it is ^lossible tliat occasionally one may be. 
laige enough to arrive at the surface of the earth as an aerolite. 
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SECTION XXXVII. ? 

♦ 

Diffosion of Matter through Space Gmvitutioii — Its Vclocij?y — Sim- 
plicity of its Laws — Gravitation independent of the Magnitude and 
Distances of the Bodies — Kot impeded by the inten'ention of any 
Substance — Its Intensity inviriahle — General Laws — Recapitulation 
and Conclusion. 

* 

The known quantity of matter bears a very small proportion to 
the immensity of space. Large as thc«ix)dies are, the distances 
which separate them are immeasurably greater ; but, as design 
is manifest in every part of creation, it is probable that, if the 
various systems in the universe had been nearer to one another, 
their mutual disturbances would have been inconsistent with the 
harmony and stability of the whole. It is clear tliat space is not 
pervaded by atmospheric air of such density as that we breathe, * 
since its resistance would long ere this have arrested the motion 
of the planets : it certainly is not a void, but replete with a mediun 
lX)S8ibly in itself electric or magnetic, Wt at all^events cai)ahl^l 
transmitting light, heat, magnetism, gravity, and probably 
Buences of which we can form no idea. 

Whatever the laws may he that obtain^ in the more distant 
regions of creation, we are assured that one alone regulates the 
motions, not only ^of our own system, but also of the binary 
systems of the fixed stars ; and, as general laws forih the uTtimate 
object of philosophical research, we cannot conclude these remarks 
without considering the nature of gravitation — thatcxtraordinaiy 
power whose’ effects we have been endeavouring to trace through 
some of their mazes. It was at one time imagined that the 
acceleration in the moon’s mean motion was occasioned by 
successive transmission of the gravitating force. It bas 
proved that, in order to produce this effect, its vdodty must 
about fifty millions of times greater than that ot light, which 
flies at the rate of 192^000 miles in a second. Its acttonV-^i^ 
at the distance of the sun, may therefore regarded as itisttn- 
taneouB ; yet, remote as the fixed stars are, the solar 
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must have some influence on the nearest of tliem, as» for example, 
a Centauri, which is only 20,602 times the radius of the earth’s 
orbit from the sun, while La Place hs|||^hputed’that the solar 
gravitation extends a hundred millioii^I^mes farther than the 
semidiametdr of the terrestrial orbit^ ^H^ ly the star dust in 
the Mflky Way may he beyond, or on GSl|^ge of, that enormous 
limit ; yot it is very unlikely that either the kun, or any of the stars 
which form the great cluster to which we belong, should be 
unconnected bodies. 

The curves in which the celestial bodies move by the force of 
gravitation are only lines of the second order. The attraction of 
spheroids, according to any other law of force than that of gravi- 
tation, would be much more complicated ; and, as it is easy to 
prove that^jpatter might have been moved according to an infinite 
variety of laws, it may be concluded that gravitation must have 
been selected by Divine Wisdom out of an infinity of others, as 
being the most simple, and that which gives the greatest stability 
to the celestial motions. 

It is a singular result of the simplicity of the laws of nature, 
which admit only of the observation and comparison of ratios, 
that the gravitation and theory of the motions of the celestial 
bodies are independent of their absolute magnitudes and distances. 
Consequently, if all the bodies of the solar system, their mutual 
distances, and their velocities, were to dimmish proportionally, 
they would describe curves in all respects similar to those in 
wliioh they now move ; and the system might he successively 
reduced to the smallest'sensible dimensions, and still exhibit the 
same appearances. 

The action of the gravitating force is not.impeded by the inter- 
vention even of the densest substances. If the attraction of the 
sun for the centre of the earth, and of the hemisphere diametri- 
cally opposite to him, were diminished by a difficulty in penetrat- 
ing the interi^osed matter, the tides would he more obviously 
affected. Its attraction is the same also, whatever the substances 
of the celestial bodies may he ; for, if the action of the sun u]K)n 
the eartti differed by a millionth part from his action upon the 
mbon^ the difference would occasion a periodical variation in the 
modh’s 'parallax, wh^e maximum would he tl)C of a second, 
and also a variation in her longitude amoimting to several seconds 
-—a supposition proved to he impossible by the agreement of 
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theory with observation. Thus all matter is pervious to gravita- 
tion, and is equally attracted by it. 

, Gravitation is a feeble force, vastly inferior to elcctrio action, 
chemical ailinity, and cohesion ; yet, as far as human knowledge 
extends, the intensity of gravitation has never varied within the 
limits of the solar system ; nor does even mialogy lead us to 
exi)ect that it should : on the contrary, there is every reason to 
be assuitxl that the great laws of the universe are imniutable, like 
their Author. Nor can we supix)so tin? structure of the globe 
alone to be exempt from tlie universal fiat of general laws, though 
ages may pass before the changes it luis undergone, or that are 
now in progress, can be referred to existing causes with the same 
certainty with which the motions of the planets, and all their 
ixjriodic and secular variations, are referable to the law'of gravi- 
tation. The traces of extreme antitjuity in'rpeiually occurring to 
the geologist give that infonnation, as to the origin of things, in 
vain looked for in the other parts of the universe. They date the 
beginning of time with regard to our system, since there is ground 
to believe tliat the formation of the earth was coiitern|oraneous 
with that of the rest of tlie jdanets ; but they show that creation 
is the work of Him with whom “a thousand years are as one 
day, and one day as a thousand years.** 

In the work now brouglit to a conclusion, it has been necessary 
to select from the wliolc circle of the sciences a few of the most 
obvious of those proximate links wliich connect them together, 
and to pass' over innnmenible cases I'Oth of evident and occult 
alliance. Anyone branch traced through its ramifications would 
alone have occupied a volume ; it is lM>pi>d, nevertheless, that 
the view lierc given will suftice to show the extent to which a 
cousidemtioii the reciprocal influence of even a few of these 
subjects may ultimately lend. It*lhus ap|x;ar8 that the theor}' 
of dynamics, founded Ufion terrestrial phenomena, is indispimsable 
ft>r acquiring a knowledge of the revolutions of the celestial 
bodies and their rcciprociil influences. The motions of the 
satellites are affected by the forms of tlieir primaries, and the 
figures of the jdancts themselves dcf)cnd u|)on their rotations. 
The symmetry of their internal structure proves the stability of 
these rotatory motions, and {he immutability of the length of the 
day, which furnishes an invariable standard of time ; and the 
actual size of the terrestrial spheroid oiTords the means of ascer- 
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tainiDg 4hc dimensions of tlie solaiSlay^n^t provides an 

invariable foundation for a system of and measures. The 

mutual attraction of the celestial IxKiief^nturbs the fluids at 
their surfaces, whence the theory of the tidS and of the oscilla* 
tions of the ^atmosphlin). The density and elasticity of the air, 
varyingVith every alternation of tomi)erature, lead to the con- 
sideration of Ixironietrical changes, the measurement of heights, 
and capillary attraction ; and the doctrine of sound, including the 
theory of music, is to 1^) referred to the small undulations of the 
aerial medium. A knowledge of the action of matter ujxai light 
is re<]uisitc fur tracing tlie curved jiath of its rays throimh the 
atmosidiere, by which the true jdaces of distant objects arc deter- 
mined, whether in the heavens or on the earth. Ily this we leani 
the nature and proix^rtics c»f tin* sunbeam, the inode of its propa- 
gation through the ethereal medium, oi in the interior of material 
bodies, and llio origin of colour. Ily the ecllp^(‘s of JupiterV 
satellites the vel<»cit;f of li^ht is a^'eilainod; ami that velocity, 
in the aberration of the Ijxod Mars, furnishes a direct proof of 
the ro*al motion of the earth (X. 237). The efit cts of the invisible 
rays of the spcetrnm are iinmediati ly connected \\ith chemical 
action ; and hcp^, funning a part of the solar ray, so tssential to 
animated and inaaimated existence, is too inipoitaiit lui a.:cnt in 
the economy of creation not t<» liohl a I'l'incipal place in the eon- 
uoxion of pli}>ioal sciences ; whence follows its distribution in 
the interior and oyer the surface of the nlol>e, itvS power on the 
geological convulsions of our planet, its intlucnce on the atmos- 
phere and on climate, and its effects on vegetable and animal life, 
(‘vinced iu the localities of organized beings on the earth, in the 
waters, and ‘a the air. The correlation between molecular and 
chemical action, light, heat, elwlricity, and magnetism, is con- 
tinually becoming more ivrfect, and there is every reason to 
believe that these diffon'iil hkhIos of force, as well as gravity 
itself, will ultimately be found to merge in one great and universal 
lM‘wer. Many moi*e instances might be given in illustration of 
tho iraiuediate oouiiexion of the physical sciences, most of which 
arc united still more closely by the common Umd of analysis, 
which is daily extending its empiiv, and will ultimately embrace 
almost every subject in nature in its formuhv. 

These formula^ omblomatic of Omuisciciicc, condense into a 
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few symbols the immutable laws of the universe. This mighty 
instniment of huimua power itself originates in the prinUtiye 
constitution of the human mind, and rests upon a few fhnda« 
mental axioms, which have* eternally existed in Him who 
implanted them in the breast of man when He crewed him after 
His own image. 



NOTES.' 



K^te i, {Age 2. Diameter. A imght line passing through the centre/ 
and terminated both ways by the or surface of a figure, such as of 
a circle or^sphere* In fig. 1, 9 Q, N S, are diameters. 


KoTfi 2, p. 2. Sfatltematical and mechanical sciences. Mathematics 
teach the laws of number and quantity; mechanics treat of the equili- 
brium and motion of bodies. 


Kote 3, p. 2 . Analysis is a series of reasoning conducted by signs or 
symbols of the quantities whose relations form the subject of inquiry. 

Note 4« p. 3. Oscillations are movements to and fro, like the swinging 
of the pendulum of a clock, or waves in water. The tides are oscillations 

of the sea. 

< 

Note 5, p. 3. Gravitation, Gravity is the reciprocal attraction of 
matter on matter ; gravitation is the ditlbi*cnce between gravity and the 
centrifugal force induced by the velocity of rotation or revolution. Sensible 
gravity, or weight, is a particular instance of gra\itation. It is the force 
which causes substances to fall to the surface of the cai'th, and wiiich 
retains the celestial bodies in their orbits. Its intensity increases as the 
squares of the distance decrease. 

NoyE 6 , p. 4. Particles of matter are the indefinitely small or ulti^ 
mate atoms into which matter is believed to be divisible. Their form :s 
uiikiimvn ; but, though too small to be visible, they must have magnitude. 

Note 7, p. 4. A hollow ^ere. A hollow ball, like a lomb-^dl. 
A sphere is a ball or solid body, such, that all lines drawn from its centre 
to its surface are equal. They are called radii, and every line passing 
through the centre and terminated both ways by the surface is a diameter, 
which is consequently equal to twice Uie radius. In fig. 3 , Q 9 or NS 
is a diameter, and C Q, 

C N are radii. A great 
circle of the .sphere has 
the tattle centre with the 
•phere as the circles Q E 
qct and Q N 9 S. The 
drde A B is a lesser circle 
. of the sphere. • 

)^e 8, p.4.' Con- 
centrie koUm spheres. 

Shells, or hollow spheres, 
having the same centre, 
like the coattof an onion. 

Noted, p.4. 
raid. AM)id MT>which 
sometimes has the shape 
of anoiaiigo, a 8 in fig. 1 ; 


Fig.l. 

«»' 
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it is^^ihen called an oblate spheroid, b^use it is flattened at, the poles 
N and $; Si^eh is the foim' of the e^h and planets. When, on the con- 
'* trary, it is drawn out at the poles like an 

V* egg, as in flg. 2, it is called a prolitte sphe- 

roid. It is evident that in l^th these solids 
the radii C q,Ca,C N, &c., are ^uerally 
unequal ; whereas in the sphere’ they arc 
ail equal.' 

Kote 10, p. 4. Centre of gmvity, A 
point in every body, which if supported, 
Q the hotly will njpiain at rest in wluitever 
position it may be placed. About that point 
all the parts exactly balance one another. 
The celestial bodies attract each other as if 
each were condensetl into a single particle 
situate in the centre of gravity, or tlie pai*- 
ticle siUiate in the centre of gravity of each 
may be regardwl as |K>ssessing the resultant 
l>ower of the innumerable oblique forees which constitute the whole attrac- 
tion of the body. 

Note 11, pp. 4, fl, Prtles Ojujl equator. Let fig. 1 or 3 represent the 
earth, 0 its centre, N 0 S the axis of rotation, or tlic imaginary line about 
which it performs its daily revolution. Then X and 8 are the north and 
south poles, and the gi*eat circle ^ E Q, which divides the earth into tw’o 
equal parts, is the equator. The eiirth is flattened at the poles, fig. 1 , 

the e([uatorial diameter, q Q, <*S[C(*ed- 
ing the polar diameter, N S, by nhmit 
26 J miles. Lesser circles, A lU.i, 
w'hich are parallel to the equator, are 
I 1 circles or psunllels of latitude, which 
' is estimated in degrees, ininotea, and 
seconds, north and south of the 
.equator, every place* in the same 
^ parallel having the same latitude, 
iirecnwich is in the parallel of 
.'il^ 28' 4Cf'. Thus terrestnal Lati- 
tude is the angular distance between 
the direction of a plumb-line at any 
place and the plane of the equator. 
Li|KR9 such as N Q S, N G R S, flg. 3, 
are called meridians ; all the places in any one of these lihes have noon at 
Ihe same instant. Tlie mendian of Greenwich has h^n chosen by the 
British as the origin of tenestrial longitude, which is estimated in degrees, 
minutes, and seconds, east and W'est of that line. If NO£S he the 
meridian of Greenwich, the position of any place, B, is determined, when . 
its latitude, Q C B, and its longitude, £ C Q, are known. 

Note 12, p. 4. Mean qttantitiea are such as are interniodflite between 
others that are greatef and less. The mean of any number of unequal 
quantities is equal to their sum divided by tlieir number* For ineiaace, 
the mean between two unequal quantities is equal to half their sum. 
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Notb 13 » p. 4. A certain mean latit\ide. The attraction of a aphei^ 
ou an extern^ body is the same as if its mass were collected into one 
heaTy particle in its centre of gravity, and the intensity of its attraction 
dimini&es as the square of its distance firom the extevnal body increases. 
But tbaagttra<^ion of a spheroid, fig. 1, on an external body at m in the 
plane of its equator, E Q, is greater, and its attraction on the same body 
when at W in the a^s N S less, than if it were a sphere. Therefore, in 
both cases, the fo^ce deviates from the exact law of gravity. This d^ia- 
tion arirs fiom the protuberant matter at the equator; and, as it 
diminishes towards the poles, so does Uie attractive force of the spheroid. 
But there is one mean latitude, where tlie attraction of a spheroid is the 
Nime as if it were a sphei'e. It is a part of the spheroitl intei mediate 
l>etween the equator and the pole. In that latitude the square of the sine 
is equal to of the equatorial radius. 

\OTB 14, p. 4. Mean distance. The mean distance of a planet from 
the centre of the sun, or of a ^ate11ite tirom the centra of its> planet, is 
equal to half the sum of its greatest and hast divtanc<*<, and, wnstspiently, 
>*» ef|ual to half tlic major axis of its orbit. For example, let P Q A D, 
lig. H, be the orbrt or path of the moon or of a planet ; then P A is the 
niiyor axis, C the eentie, and C S i«» etiital to (‘ F. Now, since the eartli 
or the bun is supposed to be in the point S aocMivding as P I) A Q is 
regartlwl as the oibit of the moon or that of a planet, S A, SP are the 
greatest and lea>t distance'.. But half the sum of S A and S P i** <H|ual to 
imlf of A P, the major axis of the orbit. When the Inxly is at Q or D, it 
IS at its menu distance from S, for SQ, SD, are each equal to (*P, half 
the major axis by the miture of the curve. 

XOTK 13, p, 4. Mean radius of the earth. The distance from the 
centre to the surl.iee of tlie eaith, regaideil as a sphera. It Is intei metliate 
between the distances of the centie of the «aith from the pole and from 
the equator. 

XOTK 16, p. 3. Itatio, The relation which one quantity bears to 
.mother. 

Note 17, p. 5, Square of moon* s 
ilisiftnce. In '»rder to avoid large 
numla^ni, the mcjm radius of the earth 
is taken for unity: thou the mean 
distance of the menm is expresssevl by 
uO ; and the stiuoro of tliat number 
IS .3600, or 60 times 00. t 

Note ]8,p. 5. Centrifugal force. 

The foice with which a revolving 
body tends to fly from the centra of 
motion ; a slipg feuds to fly from the 
hand In consequence of we centii- 
fugal force. A Ungent is a straight 
line touching a carved line in one 
|H)int without cutting it, as mT, 
rig. 4. llie direction of the centrifugal force is in the tangent to the 
carved liae or path in whUdi the beSy revolves, and ite intensity iiw 
creases with the angular swing of the body, and with its distance from the 
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centre of motion. \s the orbit of the moon does not diifer much fi'om 
a circle, let it be represenletl by miigh, fi?. 4, the earth beim: m C. 
The centnfneal force aitetui; from the rdocity of the moon m her orbit 
balances the athnotion of the earth. By their joint action, the moon 
mox es ilinmich the aic rn n dum<; the time that i»he would 6y off in tlie 
mnsent m T by the action of the contnfugal force alone, 8v fall through 
mp by the ea^*h attraction {done T n, the deflection fiom the^tangent, 
i5» parallel and equal to tnp, the yer^ed sme of the aic m n, supposed to 
be moied over bf the moon in a <!econd, and theiefore so veiy^vm^l that 
it may be regarded as a straight line T n, or mp, i> the spate the moon 
would fall through in the lu>t second of her de»cent to the caith, wcie 
**he not retamed m hei orbit by hei tentiifugal foice. 

XoTL 19, p. 5. Action and letctwn, WTien motion is communicateil 
by collision oi pressure, the action of the liody nhtoh sttik&» is lotumed 
with equal toice by th# body \vhicb receives the blow. The prcssuie of a 
hand on a table is resisted with an equal and contraiy lone, ihte neces- 
sanlv follows from the impeuctrabilitj of mattci, a piojKity by which no 
two particles of matter can occupy &e s.ime identic^ portion ot "p^ice at 
the same time. "W hen motion is c >mmunu itwl without apparent contact, 
as lu gravitation, attraction, and it pulsion, tlu quantity motion ^ined 
by the one body is exactly eqiuii to that lost b\ the otlici , but in a ciStrary 
direction ; a circum^Unce known by,,e\jieiiencc only. 

XOTF 20, p. 5. PtojuUd \ bod\ is piojcctetl when it is thrown: 
a ball fired nom a gun is pj ejected, It is therefoie « ailed ajuojectile. 
But the word has also anotiiei nuaning. A line, suifati, or soI|||||||ly, 
15 said to be projected upo*! a plane, when parallel straight j^f^ie 
drawn from eveiy point ot to tht phiic. Iht hgine so tiacctnptm a 
plane is a projection. The piojcctioii e»f a teiifstnal ohjcit is theien>re its 
iaylight shadow, since the suns lays aie sensibly paiallel. 

Nqte 21, p. 5. Space, The boundless region which contains all 
creation. 

Note 22, pp. 5, 1 1 . Conic sections. LtnesTormed by any plane cutting 
a cone. A cone is a solid figure, like a 8ugar4o8f, fig. 5, of which A is 


/V 5. . 


nj, 0 . 




the apex, A P the axis, and the piano B £ C F the base. The axis ^y or 
may not be peipeiidic^ to the hose, and the base may be a circle, or 
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an;^ other curved line. When the axis is perpendicular to the base, the 
solid is a right cone. If a right cone with a circular base be cut at right 
angles to the base by a plane passing through the apex, the section will 
be a triangle. If the cone be cut thorough both sides by a plane parallel 
to the base, the section will be a circle. If the cone be cut slanting quite 
through both sides, the section will be an ellipiie, fig. If the cone be 
cut pu^el to one of the sloping sides as A B, the section will be a para. 


• Fig. 7. ^ Fig. 8. 



bnla, fig. 7. And if tlie plane cut only one side of the cone, and be not 
parallel to the other, the section will be a hyperbola, fig. 8. Thus there 
are five conic sections. 

Note 23, p. 5. Inverse square of distance. The attraction of one 
body for anotlier at the distance of two miles is four times less tluin at 
the distance of one mile ; at three miles, it is nine times less than at one ; 
at four miles, it is sixteen times less, and so on. That is, the gravitating 
force decreases in intensity as the squares of the distance increase. 

Note 24, p. 5. Ellipse. One of the conic sections, fig. 6. An 
ellipse may be drawn by fixing the ends of a string to two points, S and F, 
in a sheet of paper, and then caixying tlie point of a pencil round in the 
loop of the string kept stretched, the length of the string beb^ greater 
than the distance between the two points. The points S and F are caUod 
the fod, C the centre, S 0 or 0 F the excentricity, A P tbe miQor axis, 
Q the minor axis, end P S the focal distance. It is eaident that, the 
less the excentricity (TS, the nearer does the ellipse approach to a circle ; 
and the conittmUon it Is clear that the length of the string S m E is 
equal to the inajor axis PA. If T t be a tangent to tAl ellipse at m, then 
the an^, T m S is equal to the an^e t m F ; and, as this is true for every 
pqbit in the elliMe, it follow^ that, in an elliptical reflecting surface, rays 
or touid coming finom one focus S will be reflected by the surface 
to the qthel^^ua F, sinioe the angle of incidence is equal to the angle of 
theori^ 

y iiiotB 25^ p. $. Feriodio time. The time in which a planet or comet 
l^i fbfliini a revolution round the sun, or a satellite about its planet. 
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Note 26, p. 5. Kepler disoovered three laws in the planetary motions 
by which the principle of gravitation is established 1st law, That the 
radii vectores of the planets and comets 
describe areas proportional to the 'time. — 
Let hg. 9 be tiie orbit of a^' planet ; then, 
supposing the spaces or areas P S;', p S n, 
a S 6, &c., equal to one another, the radius 
vector S P, which is the line joining the 
centres of the sun and planet, i&sses over 
these equal spaces in equal times ; that is, if 
the line S P passes to 8p in one day, it will 
come to S a in two days, to S 6 in three 
days, and so on. 2nd law. That tlie orbits 
or paths of the planets and comets are conic sections, liaving the sun in 
one of their foci. The orbits of the planets and satellites are curves like 
tig. 6 or 9, called ellipses, having the sun in the focus S. Several comets 
are known to move in ellipses ; but the ' greater part seem to move in 
parabolas, fig. 7, having the smi in S, though it is probable that they 
rciUly move in very long tlat ellipses ; others apjiear to move in hyper- 
bolas, like fig. 8. The third law is, that tlie squares of the periodic linn's 
of the planets are proportional to the cubes of their motm distances from 
the sun. The s^puire of a number is that number multiplied by itself, 
and the cube of a number is that number twice multiplied by itself. For 
example, the*.squares of the numbers 2, 8, 4, &c., are 4, 9, 16, Ac., but 
their cubes are 8, 27, 64, &o. Then the squares of the numbers repre- 
seotiug the periodic times of two planets arc to one another as tiie cubes 
of the numlK'rs repi'esenting their mean distances from the sun. So Uiat, 
three of these quaniiiit^ being known, the other may be found by the rule 
of three. The mean distances are mca.surcd in miles or teiTcstriai 
and the periodic times are estimated in years, days, and parts of a Uay. 
Kepler’s laws extend to the satellites. 

Note 27, p. 5. Mass. The quantity of matter in a given bulk. It 
is proportional to the density and volume or bulk conjointly. j 

Note 28, p. .5. Gravitation proportwrvxl to mass. But for the resist- 
ance of the air, all bodies would fall to the ground in etiual tijnes. In 
fact, a hundred equal particles of matter at equal distances from tho.sur- 
iace of the earih would fall to the ground in parallel straight lines^itli 
equal rapidity, and no change whatever would take place in the cir^in- 
stances of their descent, if 99 of them were united in one solid mass ; for 
the solid mass and the single particle would touch the ground at the same 
instant, were it not for the resistance of the air. 

Note 29, p. 5. Primary signifies, in astronomy, the planet about 
which a satellite revolves. The earth is primary to the moon. 

Note 30, 6. Potation. Motion round an axis, real or imaginary. 

Note 31, p. 7. Compression of a spheroid. The flaUeniog at the 
poles. It is equal to the difference between the greatest and least diar 
meters, divided by the greatest, these quantities being etxpressed in some 
standard memmre, as miles. 


Fig. 9. 
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Kots 32, p. 7. Satellites, Small bodies revolving about some of tlie 
planets. The moon is a satellite to Oie earth. 

NOTIS S3, p. 7. Nutation, A nodding motion in the earth’s axis while 
in rotation, similar to that observed in the spinning of a top. It is pro- 
duced by the attraction of the sun and moon on the protuberant matter at 
the teAr^trial equator. 

Note 34, p. 7. Axis of rotation. The line, real or imaginary, about 
which ^body revolves. The axis of the earth’s rotation is that , diameter, 
or imagiuory line, passing through the centre and both . poles. Fig. 1 
bei,ng tiie earth, N S is the axis of rotation. 

Note 35, p. 7. Nutation of lunar orbit. The action of the bulging 
matter at the earth’s equator on the moon otmsions a variation in the in- 
clination of the lunar orbit to the plane of the ecliptic. Siip})ose the plane 
N p n, fig. 13, to be the orbit of the moon, and X w n the piano of the 
iHiliptic, the earth’s action on the moon causes the angle p N m to become 
K*ss or greater than its mean state. The nutation in the lunar orbit is the 
leaction of the nutation in the t>arth’s axis. 

Note 36, p. 7. Translated, Carried forward in space. 

Note 37, p. 7. Force proportvinal to velocity. Since a fortse is mea- 
sured by its ellect, the motions of the lx>dies of the sidar sj^stem among 
themselves would be the same whether the system b»? at re>t orntd. The 
leal motion of a ixu'son w'alkiiig the deck of a ship at se:i is compounded 
of hi.s own motion and thiit of tin* ship, yet each takes pl.ac'c indepudeiitly 
of the other. Wo walk alxuit as if the eartli were at rest, though it has 
the double motion of rotation on its axis and revolution round the sun. 

Note 38, [>. 8. Tangent. A straight lint which touches a curvetl 
line in one poiut w'ithout cutting it. In fig. m T is tangent to the 
(!urve in the point m. In a circle the tangent is at right angles to the 
Rulitis, 0 m. 

Note .'39, p. 8, Motion in an elliptical orbit. A planet m, fig. 6, 
moves ro\ind the sun at S in an ellipse P 0 A Q, in consequence of two 
forces, one urging it in the direction of the tingent m T, and another 
pulling it towards the sun in the dinHrtion m S. Its velocity, w'hich is 
greatest at P, decroivsos throughout the aro to P D. A to A, w^here it is 
least, and increases continually as it moves along the arc A Q P till it 
comes to P again. The whole force producing the elliptical motion vainea 
inversely as tlie square of the distaiuie. See note 23. 

Note 40, p. 8. vectorcs. Imaginary lines ailjoining the centre 

of the sun and the centre of a planet or comet, or the centres of a planet 
and its satellite. In the circle, the radii are all equal ; but in an ellipse, 
fig. 6, the radius vector^ A is greater, and S P less tlian all the others. 
1’he radii vectorea S Q, S D, are equal to C A or C P, half the major 
axis P A, and consequently equal |o the mean distance. A planet is at its 
mean distance from &e sun when in the points Q and D. 

Note 41, p. 8. JSqml areas m equal times. See Kepler’s Ist law, 
in note 26, p. 5. 

Note 42, p. 8. Major axis. The line P A, fig. 6 or 10. 

U 2 



436 


rHYSIOAL SCIENCES. 


Fig. 10. 


Note 43, p. 8. If the planet described a circle, ^c. The motion of 
a planet about the sun, in a circle A B P, tig. 10, whose radius 0 A is equal 

to the planet's mean distance from 
him, would be equable, that is, its 
velocity, or speed, W'ould always be 
the same. Whereas, if it mgved in 
the ellipse A Q P, its speed would be 
continu^ly varying, by note 39 ; but 
its motion is such, that fne time 
elapsing between Its deportuie from 
P ‘and its return to that point again 
would be the same whether it moved 
in the circle or in the ellipse; for 
these curves coincide in the points P 
and A. 

Note 44, p. 8. True nation. 
The motion of a body in its real 



Note 45, p. 9. Memi 7notion. Kquablc motion in a circle P B A B, 
fig. 10, at the mean distance C P or C in, in the time that the body 
W'ould accomplish a revolution in its elliptical orbit P I) A Q. 


Note 46, p. 9. The equinox. 
Fig. 11 r(q>rcseiit8 the celestial 
sphere, and C its centre, where the 
earth is supposed to be. o evo Q 
is the equinoctial or great circle, 
traced in the stany’^ heavens by an 
imaginary extension of thet;:<|>lane 
of the teri’estrial equatpj^ and 
the cclipi|<^ appa- 
rent path of the sun fm^ 'the 
earth, qp the iutet^pbh of 
these two planes^ is the lih^ cf the 
ei:{uinoxcH; op is the vernal equi- 
nox, and ^ the autaillhal. When 
the sun is in these points, the days 
and nights are equal. They are 
distant from one another by a semi- 
circle, or two right an^es. The 
points E and e are the solstices, where the sun is at his ^^^eat^t distance 
from the equinoctial. The erjuinoctiai is everywhere ninety degrees distant 
from its poles N and S, w'hich are two points diametrically opposite tq. piie 
another, where the axis of the earth's rotation, if prolonged, woulfi^ineet the 
heavens. The northern celestial pole N is within 1® 24’ of the pole star. 
As the latitude of any place on the surface of the earth b equal to the 
height of the pole above the horizon, it b easily determined by obsenra- 
tion. The ecliptic E 'V' e ^ is also everywhere ninety degree 
from iU pfdes P and p. The angle PC N, between the poles P aad N of 
the equiaoctbl and ediptio^ is equd to the angle eC Qf called the oMquity 
of the ecliptic. 


Fig. 11. 
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Note 47, p. 9. Longitude, The vernal equinox, qp, fig. 11, is the 
zero point in the heavens whence celestial longitndes, or the* angular 
motions of the celestial bodies, are estimated from west to east, the direc* 
tion in which they all revolve. The vernal ecjuiiiox is generally called the 
i^irst point of Aries, though these two points have not coincided since the 
early ages oflustronomy, about 22J13 ymrs ago, on account of a motion in 
the e<{Winoctial points, to be explained hereafter. If S cyo, fig. 10, be the 
line of the equinoxes, and Cfi the venial equinox, the tnie longitude of a 
)>lnnet the angle qp S />, and its mean longitude is the angle cvo C wi, 
the sun being in S. Celestial longitude is the angular distance of a 
heavenly body from the vernal equinox ; wheims tenestrial longitude is 
the angular distance of a place on the surface of the earth from a meritlian 
arbitrarily chosen, as that of Greenwich. . 

Note 48, pp. 9, 58. Equation of centre. The difterenco betwwn 
00 C m and vi S p, fig. 10 ; that is, the dillercnce between the true and 
mean longitudes of a planet or satellite. The true and mean places only 
coincido in the |)oints 1* and A ; in every other jxiint of the orbit , the true 
place is either before or behind the mean place. In moving from A 
through the arc A Q P, the true place p is bidiind the mean place m ; and 
through the ai*c PDA the true ]>lace is liefore the me;m place. At its 
maximum, the equation of the centre measures G S, the excentricity of the 
orbit, since it is the dirterenco lM;twcen the motion of a body in lui ellipse 
and in a circle whose dluneter A P is the major axis of the ellipse. 

Note 49f p. 9. Apsides, The points P and A, fig. 10, at tlie ex- 
tremities of the major axis of an orbit. P is commonly called the perihe- 
lion, a Gi'cek temi signifying round the sm ; and the ptu'nt A is called the 
aphelion, a Greek term signifying at a distance fivm the sun. 

Note 50, p. 9, Xinetg degrees. A circle is divided into 360 equal 
paiis, or degree^ ; each degree into 60 ecpial pails, calleil minntes ; and 
ejich minute into 60 ecpial parts, billed seconds. It is usual to vrrite these 
<{UHutitics thus, 15® 16' 10", which means fifteen degree, sixteen minutes, 
and ten seconds. It is clear that an arc m a, fig. 4, measures the {ingle m 
(I n ; hence we may say, an arc of so many degrees, or an angle of so 
many degrees ; for, if there be ten degrees in the angle m C n, there will 
be ten dcgret.s in the arc m n. It is evident that there are 90*^ in a right 
angle, m 0 d, or quadrant, since it is the fourth part of 360”. 

Note 51, p. 9. Quadratures. A celestial boily is said to lie in quad- 
rature when it is 90 degrees distant from the sun. For example, in fig. 
14, if df bo the sun, S the earth, and p the moon, then the mcKui is said to 
be in quadrature when she is in either of the i»oints Q or D, because the 
angles Q S rf and D S rf, which measure her apparent diatiuice from the 
(MID, are right angles. 

Not^ 52, p. 9. Exeentricitg. Deviation from circular form. In fig. 
6, C S is tlie excentricity of the orbit P A 1). The less C IS, the more 
nearly does the orbit or ellipse approacli the circular fonn ; and, when 0 S 
is zero, the ellipse becomes a circle. 

Note 153, p. 9. IncUnaii/tn of an o#*6t<. Let S, fig. 12, lie the centre 
of the sun, P N A n the orbit of a planet moving fixnn west to east in the 
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dinction N p* Let E N m f n be the shadow or projection of orbij^ on 
the plane* of tlie ecliptic, then N Sn is the interseotion of these two pll^les» 
, for the orbit rises above the 


Fuj, 12. 


plane of the ecliptic towards 
N p, and sinks below H at N P.* 
The angle p N m,*which these 
two planes make with d*ie an- 
other, is the inclination of the 
orbit PNpA to the plane of 
the ecliptic. 

Kotk 54, p. 9. LatiUfd^ 
of a planet. The angle p S w, 
Hg. 12, or the height of the 
pUmetp above the ecliptic EN m. 
In this case the latitude is north. ThiVs, celestial latitude is the angular 
distance of a celestial IxkIv trom the piano of tlie ecliptic, whci'eas terrestrial 
latitude is the angular distance of a place on the surtace of the earth from 
the equator. 



SoTK 55, p. 9. Xixlcs. The two ixdnts N and m, fig. 12, in which the 
orbit N A n I* of a plauet or comet intellects the plane of the ecliptic e N 
En. The part X A n of the orbit lies alxive the plane of (^Iptic, and 
the part n P N below it. The asc’ending node N is the'*^int through 
which the body jxi 'ses in rising alxive the plane of the.cclipiic, and the 
descending node n is the jwiut in which the Ixaly sinks The nodes 

of a satellite’s orbit ai’c the points in which it intersects Ihe plane of the 
orbit of the planet. 

Note 5fi, p, 10. Distmce from the svn. Sp in fig. 12. If cyj be the 
venial equinox, then cv? Sp is the longitude of the planet p,/nSp is its 
latitude, and S p its distance from the sun. When these three quantities 
are known, the place of the planet p is determined in space. 

Note 57, pp. 10, 59. Elements of an orbit. Of these there are seven. 
Let P N A n, fig. 12, be the elliptical orbit of a planet, 0 its centre, »S the 
sun in one of the foci, Ofy the jK^>int of Aries, and E N e » the plane of the 
ecliptic. The elements are — the major axis A P ; the cxc’cntricity C S ; 
the ]K‘rirKlic time, that is, the time of a complete revolution of thelxMly in 
its orbit ; and tlie fourtli is the longitude of the Ixsly at any given instant — 
for example, that at which it passes througli the jM?iihclion P, Uie point of 
ita orbit nearest to the sun. That in-stant is assumed as the origin of time, 
whence all preceding and siiccecnling periods are fistimate<L These four 
quantities are siiflicient to detoiniine the form of the orbit, and the motion 
of the body in it. Thice other elemeob; are mpiisite for determining the 
position of the orbit in spade. These are, the angle qp S P, tlie longitude 
of the perihelion ; the angle A N e, which is the inclination of the orbit to 
the plane of the eidiptic ; an<l, lastly, the angle qp 8 N, the longitude of 
N the ascending node. 


note 58 > p, 10. Whose nhnes, ^c. The planes of tlie orbitii, as 
PN A», fig. 12, in which the planets move, are inclined or make small 
angles c N A with the plane of the <x:liptic E*N e n, and cut it in straight 
lirK‘s, N S » passing through S, the centre of the sun. 
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Nqxb 59, p, II. Momentum, Force measured by the weight of a botly 
and its q)eed, or simple velocity, conjointly. The primitive momentum 
•ot the planets is, therefore, the quantity of motion which was impressed 
upon them when they were first thrown into space. 

N6tb 60^ p. 11, Unstable equilibrium, A body is said to be in equi- 
Iibnura when it is so balanced as to remain at rest. But there are two kinds 
of equMibrium, stable and unstable. If a body balanced in stable cquili- 
vprium be slightly disturbed, it will endeavour to return to rest by a number 
of inovejpents to and fro, which will continually decrease till they cease 
mtogether, and then the body \frill be restore<i to its original state of repose. 
But, if the equilibrium be unstable, these movements to and fro, or oscil- 
lations, will become greater and greater till the cr[uilibrium is destroyed. 

Note 61, p. 14. Retrograde, Going backwards, as from etwt to west,^ 
contrary to tlie motion of the planets. * 

Note 62, p. 14. Parallel directions, Such .as never meet, though 
prolonged ever so far. 

^ Note 63, pp. 14, 16. The whole force, 4c, Let S, fig. 13,T)e the sun. 
N mn the plane of the ecliptic, p the disturlied planet moving in its orbit 


13. Fig, 14. 



d 


tip N', and d tlie disturbing planet. Now, d attincts the sun and the 
planet p with ditTerent Ihtensities in the directions dS,dp: the dilference 
only of these forces disturbs tlic motion of p ; it is therefore called the dis- 
turbing force. But this whole dbturbing force may be regarded as equi- 
valent to three forces, acting in the directions p S,p T, and p in. The force 
actiQg in the radius vector pS, joining the centres of the sun and planet, 
is caiied the radial force. It tiomeiimos draws the disturbeti plinetp from 
the sun, and sometimes brings it uearer to him. The force which acts in 
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the direction oi tne tangent pT is called the tonginHd forc0. It disturbs 
the motion of p in longitude, that lh, it accelerates its motion in some 
parts of its orbit and retards it in others, so that the radios vector Sp * 
docs not move over equal areas in eqiud times. (Sec note 26.) For ex- 
ample, in the pasition of the bodies in tig. 14, it is evident *that>, in con* 
siHiuence of the attraction of d, the planet p will have its motion accelerated 
from Q to C, retanled from C to D, again accelerated from D to and 
Lastly retardeil from 0 to Q. The disturbing Inxly is here supposed to be 
at rest, and the orbit ciruiiliu* ; but, as both bodies are i)ei*petimlly moving 
with different velocities in ellipses, the peHurbations or changed in the 
motions of p are very nmuerous. [.astly, that j>art of the disturbing force 
which acts in the direction of a line pm, Hg. at right angles to the 
plane of the orbit Np n, may b? called the perpendicukr force. It some- 
times causes the body to approach neai*er, and sometimes to rece<le forther 
from, the plane of the ecliptic Xwi«, than it would otherwise do. The 
action of the disturbing forces is admirably oxplaiiietl in a work on gravi- 
tation, by Mr. Airy, the Astronomer Royal. 

Note 04, pp. 10, 74. Perihelion^ Fig, 10, P, the point of an orbit 
nearest the sun. 

Note 65, p. 16. Aphelion, Fig. 10, A, the point of an orbit fai*thest 
from the sun. 

Note 66 , pp. 16, 17. In fig. 15 the central force is 'greater than 
the exact law of gravity ; therefore the cumiture Pp a is grejitcr than 
Pp A the real ellipse ; lienee the planet p (Nuues to the point a, called tlic 
aphelion, sooner than if it move«l in Uie orbit Pp A, which makes tire line 


Fig, 15. • Fig, 16. 



PSA advance to a. In fig. 16, on the contrary, the curvature Ppa is 
less than in the true ellipse, so tluit the planet p must move through more 
than the are P p A, or 180% lieforc it comes 
to the aphelion wliich causes the greater 
axis P S A to recede to a. 

Note 67, pp, 16, 17. Motim of ap^ 
sifles. Let PS A, fig. 17, be the position 
of the elliptical orbit of a plautd;, at any 
time ; then, by the action of the disturbii^ 
forces, it successiijiltly takes the positfon 
P'S A^rsA'V&c., till by this direct 
motion it hryi accomplished a revolution, 
and then it begins again ; so that the mo- 
tion is perjjetual. 

Note 68, p. 17. Sidereal rewMion* 
The consecutive return of an object to the same star. 


Fig:\l. 
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Note 69, p, 17. Tropical retiolv^ion, 
object to. the same tropic or equinox. 

Note 70, p. 17. orbit only hulyes. 

In fig. 18 the effect of the Tarij^ion 
in the excentricity is shown where Pp A 
is the eUiptijal orbit at any given instant ; 
after a time it will take Uie form Pj/ A, in 
consequence of the decrease in the ^cen- 
tricity C S ; then the forms Pp' ' A , P^'" A, 

&c., cciisecutirely from the same cause ; 
and, as the major axis P A always retoins 
the same length, the orbit approaches more 
ami more nearly to the circular/orm. But, 
after this has gone on for some thousands of 
years, the orbit contracts again, and Ijecomt^s 
more and more elliptiail. 

Note 71, pp. 18, 19. The ecliptic is the apparent path of the snn in 
the heavens, ^3ee note 46. 

Note 7*2, p. 18. This force tends to pull, tj c. The force in question, 
acting in the direction m, fig. l.M, pulls the planet p towards the plane 
N m n, or pushes it farther alwve it, giving the planet a tendency to move 
in an orbit alxive or bedow its imdi.sturlwsl rnbit N p which alters the 
angle p N m, and makes the node N and the line of nmlos N n change their 
pasitions. 

Note 78, p. 18. Motion of the nodes. Let S, fig. 19, be the sun; 
SNwthe plane of the ecliptic; P the disturbing body; and;) a planet 
moving in its orbit p n, of w’hich p n is so small a part that it is repre* 
senUHl as a straight line. The plane 8 n p of this orbit cuts the plane of tJie 
ecliptic in the straight line S n. Suppose the disturbing foive begins to act 
oil p, so as to draw the planet into the arc p p ' ; then, iiistea*! <»f moving in 
the orbit p w, it will tend to move in the orbit pp' n', whose plane cuts the 
ecliptic in the >tiaight line S If the disturbing force acts ^n upon 

Fuj. 19. 
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the body when at p\ so os to draw it into the arc p* p", the planet will now 
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t«nd to move in the orhit p*p**W\ whose plane cuts the ecliptic in the 
sti-aight line Sn''. The action of the disturbing force on the planet when 
at will bring the node to n'", and so on. In this manner the node goes 
backwards through the successive points n, &c., and the line of 

nodes S n has a perpetual reti*ograde motion about S, &e centre of the sun. 
The disturbing force has been represented as acting at intervals for the sake 
of illiLstration : in nature it is continuous, so that the motioh of the node 
is continuous also; though it is sometimes mpid and sometimes* slow, 
now retrograde and now direct ; but, on the whole, the motion is slowly 
retrogi-adc. 

Note 74, p. 18. When the planet is anywhere in the line 

S N, fig. 19, or in its prolongation, it is in the same plane with the dis- 
turbed^planet ; and, however much it may ^cct its motions in that plane, 
it am *have no tendency to draw it out of it. But when the Sisturbing 
planet is in P, at right angles to the line S N, and not in the plane of the 
orbit, it has a powerful effect on the motion of the nodes : between these 
two positions tliere is great vaiiety of action. ' 

Note 75, p. 19. The changes in the inclination are extremely minute 
when compared with the motion of the node, as evidently appears from 
fig. 19, where the angles npn*, n' p* n*'^ &c;, arc much smaller tlian the 
coiTesponding angles » S n', S n'\ &c. 

Note 78, p. 20. Sines and cosines. P'igure 4 is a circle; npis the 
sine, and Cp is the cosine of an arc mn. Suppose the radius Cm. to 
begin to revolve at w, in the direction m na; then at the point m tlie 
sine is zero, and the cosine is equal to the radius C m. As the line C m 
revolves and takes the successive positions Cn, C«, C 6 , &c., the sines 
npj aq, br, &c., of the arcs mnfina, mh, &c., increase, while the 
corresponding cosines C 7 , C r, &c., decrease ; and when the revolving 
radius takes the position C d, at right angles to the diameter g m, tlie sine 
becomes equal to the radius C d, and the cosine is zero. After passing the 
point d, the contrary happens; for the sines eK, lY, &c., diminish, and 
the cosines C K, C Y, &c., go on increasing, till at g the sine is zero, and 
the cosine is equal to the radius C g. The same alternation takes place 
through the remaining parts g 4, h m, of the circle, so that a sine or cosine 
never can exceed the radius. As Uie rotation of the earth is invariable, 
each point of its surface passes through a complete circle, or 360 degi’ces, 
in twenty-four hours, at a rate of 15 degrees in an hour. Time, ihere- 
forc, becomes a measure of angular motion, and vice versa, the arcs of a 
circle a measure of time, since these two quantities vary simultaneously 
and equably ; and, as the sines and cosines of the arcs are expressed in 
terms of the time, they vary with it. Therefore, however long the time 
may be, and how often soever the radius may revolve round the circle, 
the sines and cosines never can exceed the radius ; and, as the radius is 
assumed to be equal to unity, tiieir values oscillate between unity 
and zero. 

Note 77, p. 20. The small excentricities and inclinations of the 
planetary orbits, and the revolutions of all the bodies in the same direction, 
were proved by Euler, La Grange, and La JPlace, to be conditions neces- 
sary for the stability of the solar system. Subsequently, however, the 
periodicity of the terms of the series expressing the perturbations was 
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supposed to be sufficient ahne, but M. Poisson has sliown that to be a 
mistake ; that tliese three conditions are requisite for the necessary con- 
vergence of the series, and that therefore the stability of the system 
depends on them conjointly with the periodicity of the sines and cosines of 
ea^ term. The author is aware that this note can only be intelligible to 
the analyst, but she is desirous of correcting an error, and the more so as 
the conffitioMS of stability afford one of ^e most striking instances of 
desigiyn tlie original construction of our system, and of* the foresight and 
supreme wisdom of the Divine Architect. 

Note 78, p. ^2. Resisting medium, A fluid which resists the motions 
of bodi£, such as atmospheric air, or the highly elastic fluid called ether, 
with which space is filled. 

Note 79, p. 23. Obliquity of tlie ecliptic. The angle d Cy3 fig. 11, 
between the plane of the terrestrial equator <7 ^ Q, and the plane of the 
ecliptic Of) e. The obliquity is variable. 

Note 80, p. 23. Invariable plane. In the earth the equator is the 
invariable plane which nearly maintains a parallel position with regard to 
itself while revolving about the sun, as in fig. 20, where K Q represents 
it. The two hemi- 
spheres balance one 
another on each side 
of this plane, and 
would still do so if 
all the particles of 
which they consist, 
were » moveable 
among themselves, 
provided the eajth 
were not disturbed 
by the action of the 
sun and moon, which 
alters the painllel- 
ism of the equator 
by the small varia- 
tion called nutation, 
to be explained hereafter. 

Note 81, p. 24. If each particle, ^c. Let P, P', P", &c., fig. 21, 
be planets moving in 21. 

their orbits about the 
centre of gravity of the 
system. Let P S M, 

V* S M', &c., be poi-tions 
of these orbits moved 
over by the radii vec- 
tores S P, S P', &c., in 
a given time, and let 
p S m, p' S m!, &c., be 
their shadows or pro- 
jections on the invari- 
aUepianA Then, if the 
numbers whichrepresent 





444 * 


PHYSICAL SCIENCES. 


the masses of the planets P, P', &c., be respectively multiplied by the num- 
bers representing the areas or spaces pSm,p'S m\ &c., the sum of the 
whole will be greater for the invariable plaie than it would be for any 
plane that could pass through S, the centre of gravity of the system. 

Note 82, p. 24. The centre of gremity of the solar system lies within 
the body of the sun, because his mass is much greater than the masses of 
all the planets and satellites added together. ^ 

Note 83, pp. 25, 36. Conjunction* A planet is said to be in con- 
junction when it Has the same longitude with the sun, and in opposition 
when its longitude diffem from that of the sun by 180 degrees. Thus 
two bodies are said to be in conjunction when they are seen exactly in the 
Slime {Kirt of the heavens, and in opi)osition when diametrically opposite to 
one another. Mercury and \ enus, which are nearer to the sun than the 
earth, are called inferior planets ; wliilc all the others, being farther from 
the sun than the eiuth, ai'e said to be superior planets. Suppose the earth 
to be at E, fig. 24 j then a superior planet will be in conjunction with the 
sun at C, and in opposition to him when at 0. Again, suppose the earth 
to be in 0, then an inferior planet will be in conjunction when at E, and 
in opposition when at F. 

Note 84, p. 26. The periodic inequalities are computed for a given 
time; and consequently for a given fom'and position of the orbits of the 
disturbed and disturbing bodices. Although the elements of the #bits 
vaiy so slowly that no sensible effect is produced on inequalities of a short 
period, yet, in the course of time, the seculiu* variations of the elements 
change the forms and relative positions of the orbits so much, that .bipite/ 
and Saturn, which would have come to the same relative positions with 
regard to the sun and to one another after 850 yeai’s, do not arrive at the 
same relative iK)sitioris till after 918 yeai*s. 

Note 85, p. 26. Configuration. The relative position of the planets 
with regiu'd to one another, to the sun, and to the plane of the ecliptic. 

Note 86, p. 27. In the same manner that the excentricity of an 
clli])tical orbit may be increased or diminished by the action of the dis- 
turbing forces, so a circular orbit may acquire less or more ellipticity from 
the same cause. It is thus that the forms of ' the orbits of the first* and 
second satellites of Jupiter oscillate between circles and ellipses differing 
very little from circles. 

Note 87, p. 28. The plane of Jupitei^s equator is the imaginary plane 

passing ‘through his centre 
at right angles to his axis 
of rotation, and corresponds 
to the plane E Q in 
6g. 1. The satellites move 
very nearly in the plane of 
JupiteFs equator; for, if J 
be Jupiter, fig. 22, Pp his 
axis of rotation, eQ his 
- equatorial diameter, which 

is 6000 miles longer than P p. and if J 0 and J E be the planes of his orbit 


Fig. 22. 
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and eq\mtor seen edgewise, then the orbits of his four satellites seen ^ge- 
wise will have the positions J 1, J 2, J 3, J 4. These are extremely near 
to one another, for the angle E J 0 is only 3^^ 5' 30". 

Note 88, p. 28. In consequence V the satellites moving so neaidy in 
the plane of Jupitei^s equator, when seen from the earth, they appear to 
be always vgry nearly in a straight line, however much they may change 
their nositiohs with regard to one another and to their primary. For 
exam]^e, on the evenings of the 3rd, 4th, 5th, and 6th of Januaiy, 1835, 
the satellites had the configurations given in fig, 23, where 0 is ./upitcr, 
and 1^2, 3, 4, are the first, second, third, and fourth satellites. The 
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satellite is supposed to be moving in a dircK^tion from the figure towards 
the point. On the sixth evening the second Siitellite was seen on the disc 
of the planet. 

Note 89, p. 28. Angular motion or velocitg is the swiftness witli 
which n body revolves — a sling, for example ; or the spetnl with which the 
surface of the earth perfoiins it» daily rotation nl)out its axis. 

Note 90, p. 29, Displacement of Jupiter* s orbit. The action of the 
planets occasions secular variations in the i)osition of Jnpiteris orbit J O, 
fig. 22, without afi'ecting the plane of his equator J K. Again, the sun 
and satellites themselves, by attracting the protuberant matter at .Jujityris 
equator, cluuige the position of the plane J E without aftecling J 0. Both 
of these cause [wrturbations in tlie motions of the satellites. 

Note 9.1, p. 29. Precession^ with regjird to Jupiter, is a retrograde 
motiou of tlie point where the lines J 0, ,J E, intersect lig. 22. 

Note 92, p. 30. Synodic motion 
of c( satellite. Its motion during the 
interval between two of its consecutive 
eclipses. 

Note 93, p. 30. Opposition, A 
body is said to be in opposition when 
its longitude difiers from that of the 
sun by 180®. If S, fig. 24, be the sun, 

«md E the earth, then Jupiter is in 
opposition when at 0, and in conjunc- 
tion when at C. In these positions the 
three bodies are in the same straight 
line. 

Note 94, p. 30. Eclipses of the 


Fig, 24. 
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satelfftes. Let S, fig. 25, be the sun, J Jupiter, and a B 6 his shadow. 
Let the earth be moving in its orbit, in the direction EARTH, and the 
third satellite in the direction ab.mn. 


/'><?. 25. B 



When the cai*th is at £, the satellite, in 
moving through the arc a 6, will vanish 
at a, and reappear at b, on tiie same side 
of Jupiter. If the earth be ISi R, JupiteV 
will he in opposition ; and then the satel- 
lite, in moving through the arc a 6, will 
vanish close to the disc of the planet, 
and will reappear on the other sicfe of it. 
But, if the satellite be moving through 
the arc m n, it Will appear to pass over 
the disc, and eclipse the planet. 

Note 95, pp. 30, 43. Meridiem, A 
terrestrial meridian is a line passing 
round the earth and through both poles. 
In every part of it noon happens at the 
same instant. In figures 1 and 3, the 
lines N Q S and N O S are meridians, C 
being the centre of the earth, and N S 
its axis of rotation. The meridian pass- 
ing through the Observatory at Green- 
wich is assumed by the British as a fixed 
origin from whence terrestrial longi- 
tudes am measured. And as each point 
on the surface of the earth passes through 
360^, or a complete circle, in twenty-^ 
four hours, at the rate of 15° in an hour,' 


. * time becomes a representative of angujAr 

motion. Hence, if the eclipse of a satellite happens at any place at dght 
o'clock in the evening, ^and the Nautical Almanac shows that tiie same 


phenomenon will take place at Greenwich at nine, the place of observation 
will be in the 15° of west longitude. 


Note 96, p. 31. 
Fig, 26. 

sLb 
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Conjunction, Let S be sun, fig. 24, E the earth, 
and J 0 J' C' the orbit of Jupiter. Then the eelmses 
which happen when Jupiter is in 0 arc seen 1 6*^26* 
sooner than those which take place when the planet is 
in C. Jupiter is in conjunction when at C, and in 
opposition when iu 0. 

Note .97, p. 31. In the diagonal^ Were tlie 
line A S, fig. 26, 100,000 times longer than A B, 
Jupiter’s true place would be in the dii'Cction'A 
the diagonal of the figure ABS'S, which is, of 
jcourse, out of proportion. 

Note 98, p. 31. Aberration of light, Th^ celes- 
tial bodies are so distant that the rays of light 
coming from them may be I'eckoned parallel. There- 
fore, let S A, S' B, fig. 26, be two rays of light 
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coming from the sun, or a planet, to the earth moving in its orbit in the 
direction AB. If a telescope be held in the direction AS, the ray SA, 
instead of going down the tube, will impinge on its side, and be lost in 
consequence of the telescope being carried with the earth in the direction 
A B. But, if the tube be held in the position A E, so that A B is to A S 
as the velocity of the earth to the velocity of light, the ray will pass 
through S' B A. The star ap^tears to be in the lUrection A S', when it 
reall}* is in the direction A S ; hence the angle S A S' is the angle of 
aberration. 

No*^ 99, p. 32. Density proportional to elasticity* The more a 
fluid, such as atmospheric air, is reduced in dimensions by pressure, the 
more it I'csists the pressure. 

* Note 100, p. 32. Oscillations of pendulum retarded. If a clock be 
earned from the pole to the equator, its rate will be gradually diminished, 
that is, it will go slower and slower : bcauise the centrifugal force, which 
increases from the pole to the equator, diminishes the force of gravity. 

Note 101, p. 34. Disturbing action. The disturbing force acts here 
in the very same manner as in note 63 ; only that the disturbing body t/, 
flg. 14, is the sun, S the earth, and p the moon. 

NotE 102, pp. 35, 36, 86. Perigee, A Greek woid, signifying rouiul 
the earth. The perigee of the lunar orbit is the point P, fig. 6, where 
the moon is nearest to the earth. It coiresponds to the perihelion of a 
planet. Sometimes the Word is used to denote the )y)iut where the sun is 
nearest to the earth. 

Note 103, p. 35. Erection, The evection is produced by the action 
of the radial foro^ in the direction S/), fig. 14, which sometimes incivases 
and sometimes <lirainishes the eai'th’s attraction to the moon. It pio- 
duces-a corresponding temporary change in the excentriCity, which v»ri(« 
with the position of the major axis of the lunar orhit in respect of the line 
S d, joining the centres of the earth and sun. 

Note 104, p. 35. Variation. The lunar perturljation called the 
variation is the alternate acceleration mul retardation of the moon in longi- 
tude, from tlie action of the tangential force. She is accelerated in going 
from quadratures in Q and D, fig. 14, to the points 0 and 0, called 
syzygies, and is retardcil in going from the syzygies C and 0 to Q and 
D a{^n. 

Note 105, p. 36. Square of time. If the times increase at thq rate 
of .1, 2, 3, 4, &c., years or hundreds of yeara, the squai'es of the times 
will be 1, 4, 9, 16, &c., years or hundreds of years. 

Note 106, p. 37. In alV investigations hitlierto made with regard to 
the acceleration, it was tacitly assumed that the areas described by the 
radius vector of the moon were not pennanedtly altered ; that is to say, 
fh^t. the tangential disturbing force produced no permanent eifect. But 
Mr. Adams has discovered that, in consequence of the constant decrease in 
the excentricity of tlic earth’s orbit, there is a gradual change in the 
central disturbing force which affects the areal velocity, and consequently 
it alterp the amount of the acceleration by a very small quantity, as well 
as the variation and other periodical inequalities of the moon. On the 
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latter, however^ it has no permanent e^Bct, because it affects them in 
opposite directions in very moderate inter\'ais of time, whereas a veiy 
small error in the amount of the acceleration goes on increasing' as long as 
tile excentricity of the eartlfs orbit diminishes, so that it would ultimately 
vitiate calculations of the moon’s place for distant periods of time. This 
sliows how complicated the moon’s motions aie, and Vhat rigorous accu- 
racy is required in their determination. • 

To give an idea of the labour requiate merely to perfect or correct the 
lunar tables, the moon’s place was determined by ol^rvation at the Green- 
wich Observatory in 6000 different points of her orbit, each of which was 
compared with the same points calculated from Baron Plena’s foAniilse, 
and to do that sixteen computers were constantly employed for eight years, 
Since the longitude is determined by the motions of the moon, the lunar 
tables are of the greatest importance. 

Note 107, p. 37. Mean anomaly. The mean anomaly of a planet is 
its angular distance ff-om the perihelion, supposing it to move in a circle. 
The true anomaly is its angular distance from the perihelion in its elliptical 
orbit. For example, in hg. 10, the mean anomaly is P C m, and the true 
anomaly is P Sp. 

Note 108, pp. 38, 68. Many circvmferemes. There are 360 degrees 
or 1,296,000 seconds in a circumference ; and, as the acceleration of the 
moon only increases at the rate of eleven seconds in a century, it must be a 
prodigioas number of ages before it accumulates to many circumferences. 

Note 109, p. 39. Phases of the moon. The periodical clianges in the 
enlightened part of her disc, from a crescent to a circle, depending upon her 
position with regard to the sun and earth. 

Note, 1 10, p. 39. Lwnar eclipse. Let S, fig. 27, be the sun, E the 
eaith, and m the moon. The space a A 6 is a section of the ehadow, which 

Fig, 27. 



has the form of a cone or sugar-loaf, and the spaces A a c, A & d, arc the 
penumbra. The axis of the cone passes through A, and through £ and S) 
the centres of the sun and earth, and n m n’ is the path of the moon through 
the shadow. 

Note Illy p. 39. Apparent diameter. The diameter of a celestial 
body as seen from the earth. 

Note 112 , p. 40. Penumbra, The shadow or imperfect darkness which 
precedes and follows an eclipse. 
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Note 113, p. 40. Synodic resolution of the moon* The time between 
two oonsecutiye new or iiill moons. 

Note 114, p. 40. Horizontal refraction. The light, in coming from a 
celestial object, is bent into a curve as soon as it enters our atmosphere ; 
and that bending is greatest when the object is in the horizon. 

Nofs 115, p. 40. holar eclipse. Let S, fig. 28, be the sun, m the 
moon, and £ the earth. Then a E 5 is the moon’s shadow, which some- 

Fig, 28. 



times eclipses a small portion of the earth’s surface at and sometimes 
falls short of it. To a person at in the centre of the shadow, the eclipse 
may be total or aunuloi' ; to a person not in the centre of the shadow a 
part of the sun will be eclipsed ; and to one at the edge of the shadow 
there will be no eclipse it all. The spaces P6E, P'aE, are the 
penumbra. 


Note 1 16, p. 4J. From the extremities, de* the length of the line 
a b, fig. 29, be measured, in feet or fathoms, the angles 29 

S 6 a, S a 6, can be measured, and then the angle a S 6 is * 
known, whence the length of the line S C may bo com- 
puted. a S 6 is the pa^lax of the object S ; .and it is 
clear that, the greater the distance of S, the less the base 
a 6 will appear, because the angle a S' 6 is less than 
aS^b, 

Note 1 17, p. 44. Every particle mil describe a circle, 

^c. If N S, fig. 3, be the axis about which the body 
revolves, then particles at B, Q, &c., will whirl in the 
circles B G A a, Q £ g d, whose centres are in the axis N S, 
and their planes parallel to one another. They are, in 
fact, parallels of latitude, Q E being tlie equator. 

Note 118, p. 44. The force of gravity, ^c. Gravity 
at the equator acts in the direction Q C, fig. 30. Whereas 
the direction of the centrifugal force is exactly contrary, 
being in the direction 0 Q ; hence the dificrence of the 
two is the force called gravitation, which makes bodies 
fall to the surface of the earth. At any point, m, not iit 
the equator, the direction of gravity is m 6, perpendicular 
to the surfoce, but the centrifug^ force acts perpendi- 
cularly to N S, the axis of rotation. Now the effect of the centrifugal force 
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is the same as if it were two forces, one of which acting in the dilution 
& diminishes, the force of gravity, and another which, acting in the 

tion m tangent to the sur^ 
&ce atj», uiges the partidet 
towards Q, and tends to swell 
out the earth at ^e equator. 

Note 119, p. 46. 
geneom mass, A quantity of 
matter, everywhere .pf the 
same density. 

Note 120, p. 45. 
soul of rewlvtion. A solid 
formed by the revolution of 
an ellipse about its axis. If 
the ellipse revolve about its 
minor axis QD, fig. 6, the 
ellipsoid will be oo/ate, or 
flattened at the poles like an 
orange. If the revolution be about the greater axis A P, the ellipsoid 
will be prolate, like an egg. . 

Note 121, p. 45. Concentric elliptical strata. Strata, or layers, 
having an elliptical form and the same centre. , 

Note 122, p. 46. On the whole, ^c, The,line N QSg, fig» 1, repi-e- 
sents tiie ellipse in question, its major axis being Q q, its minor axis N S. 

Note 123, p. 46. Increase in the length of the radii, ^c. The radii 
gradually increase from the polar radios 0 N, fig. 30, which is least, to the 
equatorial radius C Q, which is greatest. There is also an increase in the 
lengtlis of the arcs corresponding to the same number of degrees from the 
equator to the polos ; for, the angle N C r being equal to qCd, the ellip- 
tical arc N r is less than qd. 

Note 124, p. 46. Cosine of latitude. The angles |HGn,^']mC 5, 
fig. 4, being the latitudes of the points a, h, &c., the oosipiiaTe 
C r, 

Note 125, p. 47. An arc of the meridian. Let N Q S g, fig. 30, be 
the meridian, and mn the arc to be measured. Then, if Z^m, Z n, be 
verticals, or lines perpendicular to the surface of the earth, at the extremis* 
ties of the arc m n they will nieet in p. Q a n, Q 6 m, are the latitudes of 
the points m and n, and tlieir difference is the angle mpn. Since the lati- 
tudes are equal to the hOight of the pole of the equinoctial above the 
horizon of the {daces m aiid n, the angle mpn may be fo^ by observa^ 
tion. When the dtonoe m n is measured in feet or fathoms, and d|vid^^ 
by the number o^ degrees and parts of a degree contained ih the ang^le 
* mpn, the length 6f an arc, of one degree is obtained. 

Note 126^ 47. A series of triangles. Let MM', fig« 31> lie- the 
meridian of any place. A line A B is measured with rods, dn level ground^ 
of any number of flithoms, C being some point seen flrom both en£ of it. 
As two of the angles of the triangle A B C can be moored, the lengtha of 
the sides A C, B C, can be computed ; and if the angle m A which the 


Fig. 30. 
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bftw A B makes with the meridian, be measured, the length of the sides 
B at, Am^ may be obtained by computation, so that A m, a small part of 


Fig, 31. 



the meridian, is determined. Again, if D be a point visible from the ex- 
tremities of iJie known line B C, two of the angles of the triangle BCD 
may be measured, and the length of the sides G D, B D, compnted. Then, 
if the angle B m m' be ineasur^, idl- the angles and the side B m of the 
triangle B m m' are known, whence the length of the line m m' may be 
computed, so that the portion A m* of the meridian is determined, and in 
the same manner it njay be prolonged indefinitely. 

Note 127, pp. 47, 49. The square of the sine of the latitude^ Q b m, 
fig. 80, being the latitude of nifemis the sine and & e the cosine. Then 
the number expressing the length of e m, multiplied by itself, is the square 
of the sine of the latitude ; and the number expressing the length of b 
multiplied by itself, is tfie square of the cosine of tlie latitude. 

Note 128, p. 48. The polar diameter of the earth determined by the 
survey of Great Britain is 7900 miles ; the equatorial is 7926, which gives 
a compression of 

Note 129, p. 50. A pendulum is that part of a clock which swings to 
and fro. 


Note 130, p. 52. Parallax, The angle a S 6 , fig. 29, under which 
we viey an object abx it therefore diminishes as the distance inci-eiises. 
The parallax of a celestial 
object is the angle which* _ 
the radius of the earth 
would be seen under, if 
viewed from that object. 

Let £, fig. 32, be the 
centre of the earth, E H 
its radius, and m H 0 the 
horizon of an ohseiwer at* 

H. Then HmE is the 
parallax of a body m, the 
moon for example. As m 
rises higher and higher in 
the heavens to the points 
&c., the pt^lax 
H in' E,Hm” E, &c., de- 
creases; At Z, the zenith, 

^ or point immediately above 
* the head of the observer^ it is zero ; and at m, where ^e body is in 
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the hoiizoQ, tlie angle H m E la the greatest possible, and is called the 
honzontil parallax. It is dear that with regaid to celestial bodies the 
whole effect of parallax is in the veitical, or in the diiection mm!Z^ 
and as a person at H sees m! m the diiection Hm'A, when it leally 
IS in the diiection E m' B, it makes celestial objects appear to be lowei 
than they really arc. The distmce of tlie moon from tfie earth has 
been determined fiom her horizontal parallax The angle E m H«raan be 
measured E H m is a right angle, and E H, the radius of the earth, is 
known m miles , whence the dishmce of the moon E m is easily found 
Annual pardlax is the angle under which the diameter of the eartU s orbit 
would be seen if viewed fiom a stai 

Notl 1 H, p 52 The radii n B, « G, &c , fig 3, are equal in any 
one parallel of latitude, A a B G , thereioie a change in the parallax 
obseived in that parallel can only aiise fiom a change in the moon's 
(hstince from the earth , and when the moon is at her mean distance, 
which IS a constant quantity equal to half the major axis of her orbit, a 
change in the parallu observed m diffeient latitudes, G and E, must aiise 
iiom the difference in the lengths of the radii n G and C E. 

Noti 132, p 52 WtenVenm is tn her node^ hhe must be in the line 
N b n where her oibit P N A w cuts the plane of the ecliptic £ N « n, fig 12. 

Norii, 133, p 53 The line described, Let E, hg. 33, be the earth, 
Fif/ o3. 



•• 4 ^- 

S the centre of the sun, and V the planet Venus. The real transit of^bd 
planet, seen from E the centre of the earth, would be in the direction 
A person at W would see it pass over the sun in (he line v a, and a . 
at 0 would see it move across him in the direction i/ a\ 

Note 134, p, 54. Kepler's law. Suppose it were required td T|M' th^ 
distance of Jupiter from the sun. The periodic times of Jupitef;^j)^Ty^^ 
are given by observation, and the mean distance of Venua'^in thV'icentne 
of the sun is known in miles or t^estrial radii therefdjj^'^'bj^ Ihe rule 6f 
three, the square root of the periodic time of Venus is,tf^e square root of 
the periodic time of Jupiter as the cube root of the m^^ distance of Venuf. 
from the sun to the cube root of the mean distanpe;' of Jupiter from 
sun, which is thus obtained in miles or terrestrial* ra(|j^. The root bf A* 
number is that number which, once multiplied by i1^[/glves its si^psare ; 
twice multiplied by itself, gives its cube, ttd<i;^4 ai>9 4* 

and twice 4 are 8 ; 2 is ^erefore the square rootW4, and the cube root 
of S. In the same manner 3 times 3 are 9, and 3 times 9 are 27 ; 3 is 
therefore the square root of 9, and the cube root of 27. 

Note 135, p. 55. Inversely j ic. The quantities of matter in Any two 
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primioy planets are greater in proportion as the cubes of the numbers 
representing the mean distances of their satellites arc greater, ahd also in 
proportion as the squares of their periodic times are less. 

Nots 136, p. 55. As hardly an^^ng appears more impossible than 
that man shdiild have b^n able to weigh the sun as it were in scales and 
the eagfch in a balance, the method of doing so may have some interest. 
The attraction of the sun is to the attraction of the earth as the quantity 
of matter in the sun to the quantity of matter in the eailh ; and, as the 
force of this reciprocal attraction is measured by its effects, the space the 
earth" would faU through in a second by the sun’s attraction is to 
tlie space which the sun would fidl throu^ by the earth’s attraction * 
as the mass of the sun to the mass of the earth. Hence, as many times 
.as the fidl of the earth to the sun in a second exceeds the fall of the sun 
to the earth in the same time, so many times does the mass of the sun 
exceed the mass of the earth. Thus the weight of the sun will be known 
if the length of these two spaces can be found in miles or parts of a mile. 
Nothing can be easier. A heavy body falls through 16*0697 feet in a 
second at the surface of the earth by ^e earth’s attraction ; and, as the 
force of gravity is inversely as the square of the distance, it is clear that 
16.*0697 feet are to the space a body would fall through at the distance of 
the sun by the earth’s attraction, as the square of the distance of the sun 
from the earth to the sqiuire of the distance of the centre of the earth from 
its sarGace ; that is, as the square of 95,000,000 miles to the square of 
4000 miles. And thus, by a simple question in the rule of three, the space 
which the sun would Odl through in a second by the attraction of the earth 
may be found in parts of a mile. The space the earth would fall through 
in a second, by the attraction of the sun, must now be found in miles also. 
Suppose mn, ng. 4, to be the arc which the earth describes round the sun 
in C, in a second of time, by the jdint action of the sun and the centiifugal 
force. By the centrifugal force alone the earth would move from m to T 
in a second, and by the sun’s attraction alone it would fall through T n in 
the same time. Hence the length of T », in miles, is the space tlie earth 
would &11 through in *a ^ond by the sun’s attraction. Now, as the 
earth’s orbit is very nearly a circle, if 360 degrees be divided by the 
number of seconds in a sidereal year of 365^ days, it will give m n, the arc 
which the earth moves through in a second, and then the tables will ^ve 
the length of the line 0 T in numbers corresponding to that angle ; but, as 
the radius 0 n is assumed to be unity in the tables, if 1 be subtracted from 
the number representing C T, the length of T n will be obtained ; and, 
when multiplied by 95,000,000, to reduce it to miles, the sp^ which the 
earth falls through, by the sun’s attraction, will be obtained in miles. By 
this simple process it is found that, if the sun were placed in one scale of a 
balancie, it would require' 354,936 earths to form a counterpoise. 

Notb 137, p. 59. The sum of the great^ and least distances S P, S A, 
6g. 12, is equal to PA, the major axis; and their difference is equal to i 
twice the^centrldity C S. The longitude qp SP of the planet, when in 
the /ppint P,. at its least distance from the sun, is the. longitude of the 
perihelion, llie gi^test height of the planet above the plane of the 
ecliptic E N e n, is equal to the inclination of the orbit P N A n to tUht 
plane. The longitnde of the planet, when in the plane of the ecliptic, can 
only be the longitude of one of the points N orn ; and, when one of these 
points is known, the other is given, being 180^ distant from it. Lastly, 
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the time included between two conseoutive passages of the planet thiough 
the same*node N or n.. is its periodic time, allowanoe being made for the 
recess of the node in ^e inter^. • 

Note 138, p. 60. Suppose that it* were required to find the position of 
a point in spat^, as of a planet, and that one observation eplaces it in n, 
fig. 84, another observation places^ in n\ 
another in n'', and so on ; all the points 
n, n', n% &c., being very near to one 
another. The true place of the planet P 
will not diflbr much from any of these 
positions. It is evident, from this view of 
the subject, that Pn, Pn', Pn'^ &c., are 
the errors of observation, llie true position 
of the planet P is found by this property, 
that the squares of the numbers represent- . 
ing the lines P n, P n', &c., when added together, is the least possible. Each 
line P n, P w', &c., being the whole error in the place of the planet, is made up 
of the errors of all the elements ; and, when compared with the errors obtained 
from theory, it affords the means of finding each. The principle of least^ 
squares is of very general application; its demonstration cannot find a place 
here ; but the re^er is refeiTcd to Biot’s Astronomy, vol. ii. p. 203. * 

Note 139, p. Gl. The true lougitude of Uranus was in advance of the 
tables previous to 1795, and continued to advance till 1822, after which 
it diminished rapidly till 1830-1, when the observed and calculated 
longitudes agreed, but then the planet fell behind the calculated place so 
lapidly tliat it was clear the tables could no longer represent its motion. 

Note 140, p. 65. An axis that, ^c. Fig. 20 represents the earth 
revolving in its orbit about the sun in S, the axis of rotation P p being 
everywhere pai'tdl^l to itself. 

Note 141, p. 65. Angular velocities that are sensibly uniform. The 
earth and planets revolve about their axis with an equable motion, which 
is never either foster or slower. For example, tho length of the ,d&y is 
never more nor less than twenty-four horn's. 

Note 142, p. 68. If Gg. 1 be the moon, her polar diameter N S is the 
shortest ; and of those in the plane .of the equator, Q E g, that which points 
to the earth is greater than all the others. 

Note 143, p. 73. Inversely proportional, ^c. That is, the total 
amount of solar radiation becomes less as the minor axis C C', fig. 20, 
of the earth’s orbit becomes greater. 

Note 144, p. 75. Fig. 35 I'epx^sents the position of the apparent orbit 
of the sun as it is at present, the earth being 
# in E. The sun is ^nearer to the earth in 
moving through ^ Peyo than in moving 
through qp A dOs, but^ its mo^pn through 
«2iPcip is more FBpid; t^ 

^ through qp A dls ; saA, as the swiftness of 
the motion and the quantity of heat received 
vary in the same proportion, a compensation 
^ tak^ place. 

^ In aneUipeoid of revolvh 


Fig. 35. 



Fig. 34. 
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tion, fig. 1, the polar diameter N S, and erer^ diameter in the equator qEQe, 
are permanent axes of rotation, but the rotation would be unstable about 
any other. Were the earth to begin to rotate about C a, the angular distance 
from a to the equator at q would no longer be ninety degi^, which would 
be immedia^ly detected by the change it would occasion in the latitudes. 

Nc|gE 14G, pp. 50, 80.* Let q op Q, and E a, fig. 11, be the planes 
of the equator and ecliptic. The angle acyoQ, which separates them, 
called the obliquity of the ecliptic, vanes in consequence of the action of 
the Bull and moon upon the protuberant matter at the earth’s equator. 
That action brings the point Q towards e, and tends to make the plane 
q op Q coincide with the ediptic E qp e, which causes 'the equinoctial 
points cyo and dCb to move slowly backwards on the plane e cyo E, at* the 
rate of 50"*41 annually. This part of the motion, which depend upon 
the form of the earth, is oall^ lunksolar precession. Another part, 
totally independent of the form of the earth, arises fiQom the mutual action 
of the earth, planets, and sun, which, altering the position of the plane of 
the ecliptic eopE, causes the equinoctial points op and to advance at 
the rate of 0"*31 annfially ; but, as this motion is much less tlian the former, 
the equinoctial points recede on the plane of the ecliptic at the rate of 
.50"'l.annually. This motion is called the precession of the equinoxes. 


Note 147, p. 81. Let qcpQ, eopE, fig. 36, bo the planes of 
the equinoctial or celestial equator 
and e^ptic, an# p, P, their poles. 

Then suppose pt the pole of the equa- 
tor, to revolve with a tremulous or 
wavy motion in the little ellipse 
pedb in about 19 yearn, both mo- 
tions being very small, while Hie 
point a is carried round in the circle 
(( A B in 25,868 years. The tremu- 
lous motion may represent the half- 
yearly variation, the motion in the 
ellipse gives an idea of the nutation 
discovered by Bradley, and Hie mo- 
tion in the circle a A B arises from 
the precession of the equinoxes. The 
greater axis p of the small ellipse 
is 18"*5, its minor axis 6 c is 13"’74‘. 

These motions are so small that they 
have very little* efiect on the parallelism of the axis of the earth’s rotation 
during its revolution round the sun, as represented in fig. 20. As the 
stars are fixed, this real moHon in the pole of the earth must cause an 
apparent change in their places. « 



Note 148, p. 83. By means of a transit instrument, which is a tele- 
scope mounted so as to revolve only in the plane of 
the meridian, the instant of the transit or passage of 
a cdesHal body across the meridian can be deter- 
mined. The transits of the principal stars are used to 
ascertain the time, or, which is the same thing, the 
amount of the error of docks. A system of equi^stant 
wires, as represented in the figure is placed in the 
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focuj! of the eye-piece, so that the middle wire is peq)endicular i^nd at right 
angles to the of the telescope. It consequently represents a portion of 
the celestial meridian ; and when a star is seen to cross that wire it then 
cro^st^s the celestial meridian of the place of ohserration. A clock beating 
seconds being close at hand, the duty of an observer is to note the exact 
second and part of 'a second at which a star crosses each wire successively 
in consequence of the rotation of the earth. Then the mean of ail these 
observations will give the time at which the star crosses the celestial 
meridian of the place of observation to the tenth of a second, provided the 
observations are accurate. Now it happens that the simultaneous impres- 
sion on the eye and ear is estimated diflbrently by difierent observers, so 
that one person will note the transit of a star, for example, as happening 
tlie fraction of a second sooner or later than another person ; and as that is 
the case in every obsen’'ation he makes, it is called his personal equation, 
that is to say, it is a correction that must be applied to all the observations 
of the individual, and a curious instance of individuality it is. For instance, 
M. Otto Struve notes every observation 0"*11 too soon, M, Peters 
too late ; M. Struve noted every obser\'ation one second later than M. Bessel,^ 
and M. Argelander estimated the transit of a star l''*2 later than M. Bessel. 
All these gentlemen were or are first-rate observers ; and when the personal 
equation is known it is easy to correct the observations. However, to 
avoid that inconvenience Mr. Bond has introduced a method in the Ob8C]> 
vatoiy at Cambridge in the United States in which touch is combined 
with sight instead of hearing, which is now used afio at Greenwich. 
The obsen^er at the moment of the observation presses fiis fingers on a 
machine which by means of a galvanic battery conveys the impression to 
where time is measured and marked, so that the obser^tion is at once 
I'ecorded and thS personal equation avoided. 

Note 149, p. 84. Let N be the pole, fig. 11, « E the ecliptic, and Q q 
the equator. Then, Nn mS being a meridian, and at right angles to the 
equator, the arc cf) ?n is less than the arc cys n. 

Note 150, p. 85. Heliacal rising of Sirius, When the star appears 
in the morning, in the horizon, a litUc before the rising of;the sun. 

Note 151, p. 87. Let Vcp A ^ be the apparent orbit or 

path of the ann, the earth being in £. Itsj^ll^ axis, A P, is at present 
situate as in Hie figure, whore the solar pl'ngree P is between the solstice 
of winter and the equinox of spring. So that the ti^e of the sun’s 
passage through the arc qp A ^ is greater than the time he takes to go 
through the arc :£l P qp. The major axis A P coincided with ^ op, the 
line of the equinoxes, 400<X*years before the Christian era ; at that time P 
was in the point qp. In 6468 of the Christian era the perigee P will 
coincide with In 1234 a.d. the xnajor axis was perpendicular to qp 
and then P was in the winter solstice. 

Note 152, ^ 88. At the solstices, ^c. Since the declination of a 
celestial ol^ect is its angular distance from the equinoctial, the dedinarion 
of the the solstice is equal to the arc Q a, fig. 11, which measures 
the obliqnVvof the ecliptic, or angular distance of the plane ope fxom 

the plan® 11 A- 

Note p. 88. Zenith distance is the angular distance of a edestial 
object frop^ the point immediately over the head of an observer. 
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Note 1^4, p. 89, Reduced to tlie level of the sea. The force of 
gi'avitation decreases as the square of the hei^t above the surface of the 
earth increases, so that a pendulum vibrates slower on high ground ; and, 
in order to have a standard inde])eiiient of local dreumstwees, it is neces- 
sary to reduce it to the len^h that would exactly make 86,400 vibrations 
in a mean solar day at the level of tlie sea. 

Note 155, p. 90. A quadrant of the meridian is a fourth part of a 
meridian, or an arc of a meridian containing 90^, as N Q, fig. 11. 

Note 156, p, 93. MoovCs southing. The time when the moon is on 
the meridian of any place, which happens about forty-eight minutes later 
every day. 

Note 157, p. 96. The angular velocity of the eArth*s rotation is at 
the rate of 180^ in twelve hours, which is the time included between the 
passages of the moon at the upper and under meridian. 

Note 158, p. 96, If S be the earth| fig. 14, d the sun, and C Q 0 D 
me orbit of the moon, then 0 and 0 are the syzygics. When the moon is 
new, she is at C, and when full she is at O ; and, ^ both sun and moon 
are then on the same meridian, it occasions the spAng-tides, it being high 
water at places under C and 0, whi^ it is low water at those under Q 
and D. The neap-tides happen when the moon is in quadrature at Q or 
1), for then she is distant from the sun by the angle d S Q, or cf S D, each 
of which is 90°. 

Note 159, p.* 9/. Declination. If the earth be in C, fig. 11, and 
if qcyoQbe the equinoctial, andNmSa meridian, then mCn is the 
declination of a body at n. Therefore the cosine of that an^le is the cosine 
of the declination. 

Note 160, pp 99, 131. Fig 37 shows the propagation of waves from 
two points C and O', where 
stones are supposed to have 
fallen. Those points in which 
the waves cross each other 
are the places where they 
counteract each other’s ef- 
fects, so that the water is 
smooth there, while it is 
agitated in the intermediate 
solaces. 

Note 161,* p. 100. The 
centi ifugal force r/tay, ^c. 

The centrifrigal force acts in 
a direction at right angles to 
N S, the axis of rotation, 
fig. 30. Its effects aa^e equi- 
v^ent to two forces, one of 
which is in the direction bm perpendicular to the surface Qmn of the 
earth, and diminishes the force of gravity at m. The other acts in ^e 
direction of the tangent m T, which makes the fluid particles tend towards 
the equator. 


Fig. 37. 
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Note 162, p. 106. f<ymvki at X oombinatioii 

of symboU or signs expressing or representing a series of oalcnlation, and 
including every particular case that can arise from a general law. 

Note 163, p. 106. Fig, 38 ft a perfeci ocicMrcn, Sometimes its 
aisles, A, X, a, a, &c., are truncated, or cut off. Sometim& a slice is cut 
off its edges A a, X a, a a, &c. Occasionally both these modificat’^ns take 
place. 

Note 164, p. 107. Prismatic crystals of sulphate of nidrel ^ some- 
what like fig. 62, oidy that they ore thin, like a hair. 

Note 165, p. 108. Zinc, a metal either found as an ore or mixed with 
other metals. It is used in making brass. 


Fig, 38. • Fig. 40. 
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wine, in a capillarr tube, hollow j and that of a column of quicksilver ' 
is convex, or rounded, as in fig. 

Note, 173, p. 113. Inverse ratio, The elevation of the liquid 
is greater in proportion as the internal diar 
meter of the tube is less. 

Note 174, p. 114. In fig. 41 the line 
cd shows the direction of the resulting force 
in the t^o cases. 

Note 175, p. 115. When two plates of 
glass are brought near to one another in water, the liquid rises between 
^em ; and, if the plates touch each other at. one of-their upright edges, 
the outline ofjhe water will become an hyperbola. 

Note 176, p. 115. Let A A', fig. 42, be two plates, both of which arc 
wet, and B B' two that are dry. Wien partly immersed in a liquid, its 

Fig. 42. 






surface will be curv^ close to them, but will be of its usual level for the 
rest of the distance. At such a distance they will neither attract nor 
repel one another. But, as soon as they are brought near enough to have 
the whole of the liquid surfkce between them curved, as in a a', 6 b', they 
will rush together. If one be wet and another dry, as C C', they will 
repel one another at a certain distance ; but, as soon as they are brought 
very near, they will rush together, as in the former cases. 

Note 177, p. 123. In a paper on the atmospheric changes that produce 
rain and wind, by Thomas Hopkins, Esq., in the Geographical Journal, 
it is shown that, when vapour is condensed and falls in rain, a partial 
vacuum is formed,- and that heavier air presses in as a curient of wind. 
Thus the vacuum arising from the great precipitation at the tropics causes 
the polar winds to descend from the upper regions oP the atmosphere and 
blow along the surface to the equator as trade winds to supply the place 
of the hot, currents th^m continually raising them into the higW regions. 
This circumstance reinoves the only difficulty in Lieutenant Maury’s 
theory of the winds. 

Note 178, p. 134. Latent of absorbed heat There is a certain 
quantity of heat in ^ bodies, which cannot be detected by the ther- 
mometer, but which may become sensible by compression. 

X 2 
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Note 179, p. 137. Reacted waves, A series of waves of light, soutxl, 
or water, diverge in all directions from their origin I, fig. 43, as fiorn a 



centre. When they meet with an obstacle S Si they strike against it, and 
are i*eflected or turned back by it in the same form as if they had pro- 
ceeded from the centre 0, at an equal distance on the other side of the 
surface S S. 

Note 180, p. 138. Elliptical nhell. If fig. 6 be a section of an ellip- 
tical shell, then all sounds coming from the focus S to different points on 
the surface, as m, are reflected back to F, because the angle T m 8 is ^ual 
to F. In a spherical hollow shell, a sound diverging from the centre Ls 
reflected back to the centre again. 

Note 181, p. 142. Fig 44 represents musical strings in vibration ; 
the straight lines are the strings when at rest.* The first figure of the fi>ur 


Fig 44 



would give the fiindamental note, as, for example^ the 16w C. The second 
and third figures would give the first 4nd second hai^ohia ; that h, the 
octave and 3ie 12th above C, n nn being the points at rest \ the fl^urth 
figure shows the real motion when compounded of all three. 
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Non: 182, p. 143. Fig. 45 represents sections of an open and of a 
shut pipe, and of a open at one end. When sounded, the air spon- 

taneou^y divides it^ into 

segments. It remains at rest 45. 

in the divisions or nodes n n^ 

&c., but vibrates between 
them in the direction of the 
arrow-lKads. The undular 
lions of the whole column of 
air^ve the fundamental note, 
while the vibrations of the 
divisions give the harmonics. 

Note 183, p. 144. Fig.l, 
plate 1, shows the vibrating 
stir&ce when the sand divides 
it into squares, and fig. 2 
represents the same when the 
nodal lines divide it into triangles, ^he portions marked a a are in dif- . 
ferent states of vibration froth those marked b b. 

Note 184, p. 145. Plates 1 and 2 contain a few of Chladni*s figures. 
The white lines are the foims assumed by the sand, from different modes 
of vibration, corresponding to musical notes of different degrees of pitch. 
Plate 3 contains six ot' Chhdni’s eircular figures! 

Note 185, p. 145. Mr. Wheitstone's principle is, tliat when vibra- 
tions producing the fomis of figs. 1 ^d 2, plate 3, are united in the same 
surface, they make the sand assume the form of fig. 3. In the same 
manner, the vibrations which would sejMirately cause the sand to take the 
forms of figs. 4 and 5, ^yould make it assume the form in fig. 6 when 
united. The figure 9 results from the modes of vibration of 7 and 8 com- 
bined. The parts marked a a are in different states of vibration from 
those marked 6 6. Figs. 1, 2, and 3, plate 4, represent foi-ms which the 
sand takes in consequence of simple modes of vibration ; 4 and 5 are those 
arising from two combined modes of vibration ; and the last six figures 
arise from four superimposed simple modes of vibration. Tlies| compli- 
cated figures are determined by computation independent o^expenment. 

Note 186, p. 140. The long cross-lines of fig. 46 show^hc two 
systems of nodal lines given a a ^ 

by M. &vart'slamin«. 



Note 187, p. 146. The 
short lines on fig. 46 show 
the positions of the nodal 
lines on the other sides of 
the same laminae. 


no™ 188, p. 146. I I ’ ■ ■ ■. ■ 

•Fig. 47 gives the nodal lines on a cylinder, with the paper rings that mark 
the quiescent points. 


Fig. 47. 
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Note 189, pp. 138, 153, 156. Reflection and Refraction, Let 
P C|>, fig. 48, be perpcndiculai* to a surface of glass or water A B. Wheu 

a raj of light, passing thi*ough the air, 
falls on this surface in any direction I C, 
pni-t of it is reflected in the direction 
C S, and the other part is })ent at C, and 
passes through the glass or water in the 
direction C R. I C is called the faddcnt 
ray, and 1 C P tlie angle of incidence ; 

C S is the reflected ray, and P C S the 
angle of reflection ; C K is the refracted 
ray, and C R the angle of refraction. 
The plane passing through S C and 1 C 
is the plane of reflection, and the plane 
passing through 1 C and C R is the plane 
of refraction. In ordinary cases, C I, 
C S, C R, are all in the same plane. 
We see the surface by means of the re'flected light, which would otherwise 
be invisible. Whatever the reflecting surface may be, and however 
obli(piely the light may fall upon it, the angle of reflection is always equal 
to the angle of incidence. Thus 1 C, V C, being niys incident on the sur- 
face at C, they will be reflected into C S, C S', so that the angle S C P 
will be equal to the angle I C P, and S' C P equal to 1' C P. That is by 
no .means the case with the refracted rays. The incident rays 1 C, T C, 
are bent at C towards the perpendiculdf, in the direction C R, C R' ; and 
the law of refmction.is such, that the sine of the angle of incidence has a 
constant ratio to the sine of the angle of refraction ; that is to say, the 
number expressing the length of I w, the sine of 1 C P, divided by the 
number expressing the length of R », the sine of R Cp, is the same for all 
the rays of light tliat can fall upon the surface of any one substance, and 
is called its index of refraction. Though the index of refraction be the same 
for auy one substiince, it is not the same for all substances. For water it 
is 1*336 ; for crown-glass it is 1*535 ; for flint-glass, 1*6 ; for diamond, 
2*487 ; and for chromate of lead it is 3, which substance has a higher re- 
fractive power than any other known. Light falling perpendicularly on a 
surtace passes yirougfa it without being refracted. If the light be now 
supposedfto pass from a dense into a rare medium, as from glass or water 
•into air, then R C, R' C, be(;ome the incident rays ; and in tliis case the 
refracted rays, C I, C V, are bent from the perpendicular instead of towards 
it. When the incidence is very oblique, as r 0, the light never passes into 
the air at all, but it is totally reflected in the direction C r', so that the 
angle p C r is ecjual to p 0 r' ; that frequently happens at the second sur- 
face of glass. When a ray 1 C falls from air upon a piece of glass A B, it 
is in general refracted at each surface. At C it is bent towards the per- 
pendicular, and at H from it, and the ray emerges parallel to I C ; but, 
when the ray is very oblique to the second surface, it is totally reflected. 
An object seen by total reflection is nearly as vivid as when seen by direct • 
vision, because no part, of the light is refracted. When light fldls upon a 
plate of crown-glass, at an angle of 4® 32' counted from the surfiioe, the 
glass reflects^ 4 times \nore light than it transmits. • At an angle of 7® 1' 
the reflected light is double of the transmitted ; at an angle of 11^ 8' the 
light reflected is equal to that transmitted; at 17^ 17° the reflected is 
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equal to } the transmitted light ; at 26® 38' it is equal to J, the variation, 
according to Ai-ago, being as the square of the cosine. 

Note 189, p. 154. AtmospAeno refraction. Let a hf ah, &c,, fig. 49, 
be strata, or extremely thin layers, of the atmosphere, which increase in 


Fig, 49. 



density towards m n, the surface of the earth. A ray coming from a star 
meeting tlie surface of the atmosphere at S would be refracted at the sui'^ 
face of each layer, and would consequently move iu the curved line S t? t? r A ; 
and ns an object is seen in the direction of tlie ray tliat meets the eye, the 
star, which retdly is in the direction A S, would seem to a person at A to 
be in a. So that refraction, wliich always acts iu a vertical direction, raises 
objects above their true phice. For that reason, a body at below the 
horizon H A 0, would be raised, and would be seen in s'. The sun is fre- 
quently visible by refraction after he is set, or before he is risen. "Hiere 
is no refraction in the zenith at Z. .It increases all the way to the horizon, 
where it is greatest, the variation being proportional to the tangent of the 
angles Z A S, Z A S', the distances of the bodies S S' from the zenith. 
The more obliquely the rays fall, the greater the refraction. 

Note 190, p. 154. Bradley's method of ascertaining the amount of 
refraction. Let Z, fig. 50, 
be the zenith or point im- 
mediately above an obscr\^er 
at A; let HO be his hori- 
zon, and P the pole of tlie 
equinoctial A Q. Hence P*AQ 
is a right angle. A star as 
near to the pole as s would 
appear to revolve about it, in 
consequence of the rotation of 
the earth. At noon, for ex- 
ample, it would beat s idiove 
the pole, and at midnight it 
would be in s' below it. The 
sum of the true zenith dis- 
tiuices, Z A>s, Z A s', is equal 


Fig, 50. 
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to twice the angle ZAP. Again, S and S' being the sun at his greatest 
distances from tiie equinoctial AQ when in the solstices, the sum of 
his true zenith distances, ZAS, Z A S', is ^ual to twice tlie angle 
Z A Q. Consequently, the four true zenith distances, when added 
together, are equal to twice the right angle QAP; that is, they are 
equal to 180^. But the observed or apparent zenith distaxces are less 
than the true on account of refraction ; therefore the sum of th^ four 
apparent, zenith distances is less than 180^ by the whole amount of the 
four refractions. • 


Note 191, p. 155. Terrestrial refraction. Let C, fig. 51, be the 
centre of the earth, A an obsei’ver at its surface, A H his horizon, and B 

some distant point, as the top of a 
* hill. Let the arc BA be the path 



of a ray coming from B to A; 
KB, EA, tangents to its extremi- 
ties ; and AG, B perpendicular 
to C B. However high the^hill B 
may be, it is nothing when com- 
pared with 0 A, the radius of the 
earth ; consequently, A B differs so 
little from A I) that the angles A £ B 
and A C B are supplementary to one 
another ; that is, the two taken to- 
getlicr are equal to 1800. ACB 
is called the horizontal angle. Now 
BAH is the real height ofB, and 
E AH its apparent height; hence 
refraction raises the object B, by 
the angle EAB, above its re^ 
place. Again, the real depression 
of A, when viewed from B, is 
FBA, wheim its apparent de- 
pression is F B E, so £ B A is due 


to refraction. The angle F B A is equal to the sum of the angles BAH 
and ACB; that Is, the true ele^^tion is equal to the true depression and 
the horizontal angle. But the true elevation is equal to the apparent 
elevation diminished by the refraction; and the true depression, is equal 
to the apparent depression in^pased by refraction. Hence twice the tefrao- 
tion is equal to the horizonA angle augmented by the difference between 
the apparent elevation and the apparent depressioi^. 


Note 192, p. 155. Fig. 52 represents the phenomenon in quettion. 
S P is the real ship, with its inverted and direct images seen in the. air. 
Were there no refraction, the rays would come from the ship SP to the 
eye E in the direction of the straight lines; but, on account of the variable 
density of the inferior strata of the atmosphere, the rays are bent in the cuiwed 
lines P c E, P E, S m £, S n E. Since an object is seen in the direction 
of the taiigeDt to that point of the ray which meets the eye, the point P of 
the real stop is seen'at p and jp', and the j^int S seemsi to he in s 
f^, as all the other points are transferred in the same mann^i to 
inverted images of the ship are formed in the air above it. ^ 
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Note 193, p. 166. tig. 53 repwsents the section of a poker, with 
the refraction produced by tlie hot air suiTounding it. 

Note 194, p. 156. The solar spectrum^ A my from the sun at S, 
6g. 54, admitted into a dark room, thi-ough a small round hole 11 in a 


window-gutter, proceeds in a straight line to a screen D, on which it 
forms a bright circular spot of white light, of nearly the same diameter 
with the hole H. But when the refracting angle BAG of a glass prism 
is interposed, so that the sunbeam falls oh A C the first suiface of the 
prism, and emerges from the second surface A B at equal angles, it causes 
the rays to deviate from the straight path S D, and -bends them to tHe 
screen M N, where they form a coloured image V K of the sun, of the 
same breadth with the diameter of the hole H, but much longer. The 
space V B consists of seven colours — violet, indigo, blue, green, yellow, 
orange, and red. The violet and red, being the most and least rafrangible 
rays, are at the extremities, and the green occupy the, middle part at G. 
The angle D^G is called the mean rfeoiafion, and the spreading of the 
coloare4 i^ays over the angle V </ R the dispersion. The deviation and 
dispersion vary with the refracting angle BAG of the prism, and with 
the substance of which it is made. 
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Note 195, pp. 159, 164. Under tbe same circmnstances, and the 
refracting angles of the two prisms are equal, the an^bs D^G and V K» 
Ag. 54, are greater for flint-glass than for crown-glass. But, as they vtaij 
with the angle of the prism, it is only necessary to augment the refractihg 
angle of the crown-glass pnsm by a certain quantity, to praduce nearly 
the same deviation and dispersion with the flintrglass prism. Hence, when 
the two prisms are placed with their refh^ing angles & opposite 
directions, as in fig. 54, they nearly n^tralize eaSi other’s eflectsr, and 
refract a beam of light without resolving it into its elementary colour^ 
rays. Sir David Brewster has come to toe conclusion that toere may be 
refraction without colour by means of two prisms, or l^^o . lenses,- when 
properly*adjusted, even though they be made the same kind of glass. 


Note 196, p. 165. The object glass of the achromdtic telescope consists 
2 ^ 55 ^ convex lens A B, fig. 55, of ciwn-glass placed on the 

* outside, towards the object, and of a copcave-convex lens 0 D < 
of flin 1 >glass, placed towaids the eye. The focal length of 
a lens is toe ^stance of its centre ^frorn toe point in which 
toe rays converge, as F, fig. 60. If, then, toe lenses A B 
and C D be so constructed that their foeal lengths are in the 
same proportion as their dispersive powers, they will refract 
rays of li^t without colour. 

Note 197, p. 165. If the mean refracting angle of toe 
prism Dg G, fig. 54, were the same for all substances, then 
the difference D^j^V — D^ R would be toe dispersion. But toe 
angle of the prism being the same, all these angles are dif- 
ferent in each substance, so that in order to obtain the dis- 
persion of any substance the angle D^Y — D^/R must b^v 
divided by the angle D^G orits excess above unity, to which 
the mean redaction is always proportiejudv According to 
Mr. Fraunliofer the reflection of the extreme violet red rays in qrown- 
glass is 1*5466 and 1*5258; so D^Y-D^ R=:l,^66- D5258 = *02a8, 
and half toe sum of the excess of each above unity is s= *5362^; oonsequentij^ 

p V-D£B _ _ 0.03879 f diamond hM 

D,G -5362 ’ ' ' 



DjV-DiyR _ 2-467 - 2-411 _ 

D,G 1-439 ’ 

so that the dispersive power of diamond is a little less than that of crown- 
glgss; hence the splendid refracted colours which distinguish diamond 
from every other pricious stone are not owing tc^ its high dispersive power, 
but' to its great mean refraction. — SiB David Bbewster. 


Note 198, p. 168. When a sunbeam, after having passed through a 
coloured glass Y Y\ fig. 56, enters a dark room by two small slits 0 O’ in 
a card, or piece of ^n, they produce alternate bright and black bands on a 
screen SS’ at a little distance. When cither one or other of toe dits 0 
or O’ is stopped, toe dark bands vanish, and the screen is illuminated by a 
uniform light, proving that toe dark hands areproduced by thelnt^rence 
of toe two sets of rays. Again, let Hm, fig. 57, be a be^ of white light 
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passing through a hole at H, made with a fine needle in a piece of lead or 
a card, and received on a screen SS^ When a hair, or a small slip of 


Fig. 56. 


Fig. hi. 




card A A', about 4he' SOth of an inch in breadth, is held in the beam, the 
rays bend round on each side of it, and, arriving at the screen in different 
states of vibration, interfere and form a series of coloured fringes on each 
side of a central white band m. When a piece of card is interposed at C, 
so as to intercept the light which passes on one side of the hair, the 
coloured fringes vanish. When homogeneous light is^ used, the fringes are 
broadest in red. and become narrower for each colour of the spectrum pro- 
gressively to live violet, which gives the narrowest and most crowded' 
fringes. These very elegant experiments are due to Dr. Thomas Young, 


Note 199, pp. 171, 200. Fig. 58 shows Newton’s rings, of which 
there are seven, formed by screwing two lenses of 
glass together. Provided the incident light be 
white, they always succeed each other in the fol- 
lowing or&r: — 

Ist ring, or 1st order of colours: Black, very 
fhint blue^ brilliant white, yellow, orange, red. 

2nd ring: Dark purple, or rather violet, blue, 
a rery imperfect yellow green, vivid yellow, 
crimson red. 

3rd ring: Pn^le, blue, rich grass green, fine 
yellow, pink, crimson. 

4th ring : Dull blueirii green, pale yellowish pink, red. 
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5tih ring: Pale Uneish green, white, .pink. 

6 th ring: Pale blue green, pale pink. 

7th ring: Very pale blneish green, rery pale i»nk. 

After the seventh order the colours become too faint to be distinguished. 
The rings decrease in breadth, and the colours become more crowded 
together, as they recede from the centre. When the light is homogeneous, 
the rings are broadest in the red, and decree in breadth *with every 
successive colour of the spectrum to the violet. 

Note 200, p. 172. The absolute thickness of the film of air between 
the glasses is found as follows: — Let AFBC, fig. 59, be the sectiou of a 
j, lens lying on a plane surface or plate of 

glass g P', seen edgewise, and let E C be 
the diameter of the sphere of which the 
lens is a segment. If A B be the dia- 
meter of any one^f Newton’s rings, and 
BD p^lel to CE, then BD or C F is 
the thickness of the air producing it. 
E G is a known quantity ; and when A B, 
the diameter, is ineasur^ with compasses, 
B D or F C can be computed. Newton 
found that the length of B D, correspond- 
ing to the darkest part of the first ring, 

. is the 98,000th part of an inch when 
p thy*ays fall perpendicularly on the lens, 
and from this he deduced the thick- 
ness corresponding^ to each colour in the system of rings. By passing 
each colour of the solar spectrum in succession over the lenses, Newton 
also determined the thickness of the film of air corresponding to each 
colour, from the breadth of the rings, which are always of the same colour 
with the homogeneous light. 

Note 201, p. 174. The focal length or distance of a lens is the 
distance from its centre to the point F, fig. 60, in which the refracted 
rays meet. Let L V be a lens of very short focal distance fixed in the 
window-shutter of a fiark room. A sunbeam S L L’ passing through the 
lens will be brought to a focus in F, whence it will diverge in lines 
F C, F D, and will form a circular image of light on the opposite wall. 
Suppose a sheet of lead, having a small pin-hole pierced through it, to be 
placed in this beam; when the pin-hole^ viewed from behind with i^lens 
at E,‘ it is surrounded with a series of coloured rings, which vary in 
appearance with the relative positions of the pin-hole and eye with regard 
to the point F. When the hole is the 30th of an inch in diameter and at 
the distance of 6 J feet from F, when viewed at the distance of .24 inches, 
th^ are seven rings of the following colours *. 7 - 

Ist order: White, pale yellow, yeUow, orange, dull red. 

2 nd order: Violet, blue, whitish, greenish yellow, fine yellow, orange 
red. 

3 rd order: Purple, indigo blue, greenish blue, brilliant green, yellow 
green, red. * 

4th order: Blueirii green, blneish white, red. 

5th order: Dull green, fiunt bluei^ white, fiunt red. 





6th order: Very faint green, vei*y faint red. 

7 th oi*der: A tr*ice of green and red. 

Note 202, p, 175. Let L I/, fig. 61^ he the section of a lens placed in 
a window-shutter, through which a very iSmall beam of light S L L' passes 
into a dark room, and comes to a focus in F. If the edge of a knife K N 
be held in the beam, the rays bend away from it in hyperbolic cuiwes 
K r, K r', &c., instead of coming directly to the screen in the straight line 
K E, which is the boundary of the shadow. As these bending rays arrive 
at the screen in different states of undulation, they interfere, and form a 
series of colomvd fringes, r r', &c., along the edge of the shadow K E S N of 
the knife. The fringea vary in breadth with the relative distances of the 
knife-edge and screen from F. 

Note 208, p. 177. Fig. 43 represents the phenomena in question, 
where S S is the surface, and I the centre of incident waves. The reflected 
waves are the dark lines returning towards I, which are the sam$ as if 
they had originated in C on the other side of the surface. 

Note 204, P* 180. Fig. 62 represents a prismatic crystal of tour- 
maline, whoM axis is A X. The slices that are used for polarising light 
are cut pi^lel to AX. 

Note 205, p. 181. Do^le refraction. If a pencil of light R r, fig. 63, 
falls upon a rhombohedron of Iceland spar A B X 0, it is separated into 
two equal pencils of light at r, which are refracted in the directions 
rO, rE: when these arrive at 0 and E they are again refracted, and pass 
into the air in the directions 0 o, E o, parallel to one another and to the 
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incident ybj Br. The raf r 0 is refracted according to the ordinary kw, 
which is, that the sines of the angles of incidence and refiiuction bkr a 
* constant ratio to one another 

. Fig. 63. (see Note 184), and the rays 

Ri^^rOy Oo, are all in the 
same plane. ' The pencil rE, 
on tile contrary, *is bent aside 
out of that plane, and Cts re- 
fraction does not fbllow the 
constant ratio of the sines ; r £ 
is therefore called the ^ctraor- 
dinary ray, and rO the ordi- 
nary ray. In consequence of 
this bisection of the light, a 
spot of ink at 0 is seen double 
at 0 and E, when viewed from 
rl; and when the crystal is 
turned round, the image E revolves about 0, which remains stationary; 

Note 206, p. 182. Both of the parallel rays Oo and Eo, fig. 63, are 
polaaised on leaving the doubly refracting crystal, and in both particles 
of light make their vibrations at right angles to the lines 0 o, E o. In the 
one, however, these vibrations lie, for example, in the plane of the horizon, 
while the vibrations of the other lie in the vertical plane perpendicular to 
the horizon. 

Note 207, p. 183. ‘ If light bs made to fall in various direotions on 
the natural faces of a crystal of Iceland spar, or on faces cut and polished 
artificially, one direction A X, fig. 63, will be found, along which the light 
passes without being separated into two pencils. A X is the optic axis. 
In some substances there are two optic axes forming an with each 
other. The optic axis is not a fixed line, it only has a fixed direction; for 
if a ciystal of loeland span be divided into smaller crystals, each will have 
its optic axis; but if all these pieces be put togetii^ again, their optic axes 
will be parallel to AX. Every line, therefore, within the ciystal parallel 
to AX is an optic axis; but as these lines have all the same direction, th^ ' 
crystal is still said to have but one optic axis. 

Note 208, p. 184. If 1 C, fig. 48, be the incident and C S the re- 
flected rays, then the particles of polarised light make their vibxati[oiis at;^ 
right angles to the plane of the paper. 

Note 209, p. 184. Let A A, iig. 48, ba the snrfiice of tiie‘ xefieckir^ 

1 0 the incident and C S the reflected rays ; then, when the angle S C B id 
57^, and consequently the angle PCS equal to 33^, black spot will 
be seen at 0 by an eye at S. 

Note 210, p. 185. Let AB, flg. 48, be a refledliig surkce, 10 the 
incident and 0 S the reflected rays; then, if the surkce be pkte-glass, the* 
angle SOB must .be 57^, in order that CSmay be polarised. If the 
sm-kce be crown-glass or water, the angle SOB must be 56^ 55' for 
the first, and 53^ il' for the second, in o^er to give a polarised ray. 

Note 211, p. 186. A polarising apparatus is represented in fig. 64, 
where R r is a ray of light Ming on a piece of glass r at an an^e of 57^ : 
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the reflected ray re is then polarised, and may be viewed through a piece 
of tonnnaiiiie. .in s, or it may be received on another plate of glass, 3, 


Fi^. 64. 



whose surface is at right angles to the soe&ce of r. The my rs is again 
j^ected in s, and comes to the eye in the direction s £. The plate of 
mca, M I, or of any substance that is to be examined, is placed between 
the pointer and a. 

Note 212, p. 187. In order to see these figures, the polarised ray rs, 
6g. 64,<nu8t pass through the optic axis of the crystal, which must be 
hdid as new as possible to s on one side, and the eye placed as near as 
possible to s on the other. Fig. 65 shows the image formed by a crystal 
of Iceland spar Which has one optic axis. The colours in the rings are 
exactly the same with those of Newton’s rings given ii^Note 199, and the 
cross is blwk. If the spar be turned round its axis, the rings suffer no 
change; but if the tourmaline through which it is viewed, or the plate of 
glass, B, be turned round, this figure will be seen at the angles 0^, 90^, 
108^, and 270^ of its revolution. But in the intermediate points, that is, 
at the angles 45^, 135^, 225^, and 345^, another sptem will appear, 
such as represented in fig. 66, where all the colours of the rings are com- 
plementary to those of fig. 65, and the cross is white. The two systems 
of ringSr if superposed, would produce white light. 


Fig, 65. Fig, 66. 



Note 218, p^ 188. Saltpetre, or nitre, Crystallises in six-sided prisms 
having two optic axes inclined to one another at an angle of 5Q, A slice 
of this substance about the 6th or 8th of an inch thick, cut perpendicularly 
to the aris of the prism, and placed very near to s, fig. 64, so that the 



inngg are the same with those of thin plates, but they vary with •the 
thudcness of the nitre. Their breadth enlai^ea or dimini^es tdso with the 
coloor, when homogeneous light is used. 

Note 214, p. 189. Fig. 71 represents tlie appearance pr^uced by 
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placing a slice of rock crystal in the ‘^polarised ray rs, fig. 64. The 
uniform colour in the interior of the image dei>ends upon the thickness of 
the slice ; but whatever that colour may be, it will alternately attain a 
maximum brightness and vanish with the revolution of the gl^ B. ' It 
may be obseiwed, that th(f two kinds of quartz, or rock crystal, mentioned 
in the t^xt, aare combined in tlie amethyst, which consists of alternate 
layers ^f right>handed and left-handed quartz, whose planes are parallel to 
the ans of the crystal. 

Note 215, p. 193. Suppose the major axis A P of an ellipse, fig. 18, 
to be Invariable, but the*cxccntricity CS continually to diminish, the 
clli]:)se would bulge moie and more ; and when C S vanished, it would 
become a circle whose diameter is A P. Again, if the excentricity were 
continually toSncrease, the ellipse would be more and more fiattened till 
C S was equal to C P, when it would become a straight line A P. The 
circle and straight line are therefore the limits of the ellipse. 

Note 216, p. 194. The coloured rings are produced by the interference 
of two polaris^ rays in different states of undulation, on the principle 
explained for common light. 

Note 21*}, p. 225. According to Mr. Joule, that heat is produced 
by motion, and tliat it is equivalent to it, Mr. Thompson of Glasgow 
investigates from whence the sun denves his heat, since he shows that 
neither combustion nor his primitive heat could have supplied the waste 
during 6000 years. He concludes that the solar heat is maintained by 
myriads of minute bodies tliat are revolving at the edge of his dense 
nebulosity or atmosphere, some of which are often seen by us as falling 
stars. These, vaporized by his heat, and drawn by his attraction, meet 
with inten.se resistance on entering the solar atmosphere as a shower of 
meteoric rain through it they descend in spiral lines to the sun's surface, 
pix)ducing enormous heat by friction during their fall, and serving for fuel 
on their arrival. • 

Note 218, p. 252. The class Cryptogamia contains the ferns, mosses, 
funguses, and sea-weeds ; in all of which the pirts of the flowers are in 
general too miUute to be evident. 

Note 219, p. 25^. Zoophytes are the animals which foim madrepores, 
corals, sponges, &c. 

Note 220, p. 254. The Saurian tribe are creatures of the crocodile 
and lizard kind. 

Nt>TE 221, p. 266. If heat from a non-luminous soiuce be polarised by 
reflection or relation at r,.fig. 64, the polarised ray rs will be stopped 
or transmitted by a plate of mica M I, under the same circumstances ^t 
it would stop or transmit light ; and if heat wiere visible, images analogous 
to those of figs. 65, 67, &c., would be seen at the point s. 

Note 222, pp. 275, 329, 357. The foot-pound, or unit of mechanical 
force established by Mr. Joule, is the force that would raise one pound weight 
of matter to the height of one foot ; or it is the impetus or force g^erated 
by a body of one pound weight falling by its ^vitation through the 
height of one foot. . 
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Impetas, ns \iTn, or living fynt, ii equal to the mass of a liody malti- 
plied hy the square of the vdocitj with which it is moving^ and is the 
true measure of work or labour. For if a weight be raised 10 feet» it will 
require four times the labour to raise aa eqw weight 40 feet. If both 
these weights be aUowed to descend freely by thehr gravitation, at the end 
of tiieir fdl their velocitieb will be as 1 to 2 ; that is, as the square roots 
ot their height* ; but the effect produced will be as their masses multiplied 
by 1 and 4 , but these are the squares of their velocities : hence the impetus 
or \is viva is as the mass into the square of the velocity. 

Thus impetus is the true measure of the labour employed to ra^se the 
weights, and of the effect oi then destcent^ and is entirely independent of 
time. Now heat is pioportiona! to irapkus, adB impetus is the trOe 
measure of labour. In percussion the heat evolved is m proportion to the 
force of the impetus, and is thus measured by labour. 

Travail is a word used m meohamcs, to express that \Dork done is equal 
to the labouring force employed The work done may be resistance 
overcome or any othei eflect pr^uced, while the labouring fordC may be a 
horse, a steam-engine, wind, falling water, &c. 

223, p 313. When a sticam of positive electricity descends 
from P to », hg 72, m a vertical wite at nght angles to the plane of the 
horizontal ciiclc A B, the negative electiiuty ascends from n to P, and the 
foice oxeited by the cuiTcnt makes the uoith pole of a magnet levolve 
about the vvue in the direction oi the arrow-h&^ m the circumference, 
and it makcb the south pole revohe m the opposite direction. When the 
current of poMtiic electiicit> huws upwaids from n to P, these eilects are 
reversed 

Note 224, p 314. Fig. 73 repiesents a helix or coil of copper wire, 


Fuj, 72 73. 



termioaii^'by two cups containing a Bttie the pbsitiye 

wire o^ifl^i^taic battery is immersed in the the negative wire 

in the <Wtt4be' drenit is completed. The quidci^ybr ensures the otm* 
nectionj^ijiiiim the battery and the helix, o^i^ng the dectricity 
from taellpifc the other. While the through the hdix, 

the magu^lfeN rmnains suspended withiniiPm ^ down the memrat 



KOTBSi' i?5 

it<;eaBe(i. The magnet alwaya tarns its 'soath pole S tewards P, the j^iive 
wire of the battery, and its nerth pole towards the negative wire. ^ 

NoT£^ 225, p. 316. A copper wire coil^ in the form represented, in 
fig. 73 was the 6rst and most simple form of the electro-dynamic cylinder. 
V^eh its eternities P and n are connected with the positive and negative 
poles of«a Voltaic battery, it becomes % perfect magnet daring the time 
that % corrent of electricity is Sowing through it, P and n being its north 
and soath poles. • ^ 

Note 226, p. 344. It is to Halley we are indebted for the first declina- 
tion (hart and the theory of 4 poles of maximum magnetic intensity, since 
confirmed by observation, well as the earliest authentic values of the 
magnetic elements in London and St. Helena, where he went on purpose 
to make observations on terrestrial magnetism. Since that time M. Gauss 
has formed charts of the noagnetic lines, and published a theory which very 
nearly represents the magnetic state of the globe. The mass of observa- 
tions daily making by our croizers and our Government surveys in every 
part of the earth is enormous. 

Note 227, p. 360. In fig. 74 the hypei;))ola HPT, the parabola 
^ P H, and the ellipse A E P L, have the focal distance S P, and coincide 


if%r. 74. 



through a small space on each side of the perihelion P ; and, as a comet is 
only visible when near P, it is difficult to ascertain which of the three 
curves it moves in. 

Note 228, p. 363. In fig. 75, E A represents the orbit of Halley’s 
f^.75. . . ^ 



comet^ K T the orbit of the earth, and S the sun. The propoiliona are 
very dMirly exact. • 


476 


PHYSICAL SCIENCES. 


Note 229, p. 382. Fig. 74 represents the curves in question. It is 
evident that, for the same focal distance SP, there can be but one circle 
and one parabola pPR, but that there may be an infinity of dlipsee 
between the circle and the parabola, and an infinity of hyperbolas HPT 
exterior to the parabola P R. 

Note 230, p. 387. Let A B, %. 26, be the diameter of the earth's orbit, 
and suppose a star to be seen in the direction A S' from the earth wK^ at 
A . Six months afterwards, the earth, having moved through half of its orbit, 
would arrive at B, and then the star would appear in the direction B S', if 
the diameter A B, as seen from S', had any sensible magnitude. But A B, 
which is 190,000,000 of miles, does not appear to be greater than the 
thickness of a spider’s thread, as seen from 61 Cygni, supposed to be 
the nearest of the fixed stars. 


Note 231, p. 389. 
known. 


Stars whose parallax and proper motions are 


Name of 
Star. 

Proper Motion. 

Parallax. 


Observers and 
Computers. 

a Centauri 


0"-92 


Maclear. 

9 y • • 

• • •« •••• 

i" 


Henderson. 

61 Cygni 

.. 5"- 123 .... 

0"-374 


Bessel. 

« Lyras .. .. 

Sirius 

.. 0"-364 .. .. 

0"-207 


Peters. 

... r-234 .. .. 

0''‘230 


Hendei'son. 

Aroturus . . 

.. 2"'269 .... 

0"-127 


Peters. 

Pole Star . . , . 

.. 0"-035 .... 

o"-ioe 


Peters. 

Capclla .. 


0"-046 


Peters, 

La Chevre 

C'-ifil !! !! 

0"-046 


Peters. 

i Great Bear . . 

.. p"*746 .... 

0"-133 


Peters. 


The space run through in one second by these stars is therefore — 


a Centauri 5 leagues .... Henderson and Maclear. 

61 Cygni 10 leagues .. .. Bessel. 

n Lyrse 2 leagues .... Struve and Peters. 

Sirius 6 leagues .... Henderson and Maclear. 

Arcturus .. .. .. 22 leagues .... I’cters. 

Pole Star } league .... Lindeuau and Struve. 

LaChevre .« .. .. 12 leagues .... Peters. 

i Great Bear 7 loae:ues .... Petern. 


#There are three great discrepancies in the parallax o(* the staii ^ uler 
or 1830 Groombridge. M. Otto Struve makes it 0''*C|jj|fewl\ * 
a velocity of 261 leagues per second, while M. Faye fip^i^e i i to 
be between 0"*03 and 0"‘01J whi/* makes its velocif^y^m ^ to 85 
leagues per second. 

These are all minimum velocities, be^ ase we can only SSltermine on the 
celestjfd Vault a projection perhaps much foreshortened of the real«notions 
of the stars. 


Note 232, pp. 398, 401. The following are the binar}' systems whqse 
orbits have b^n accurately determined : — 
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Name of 

rertod in 

Star. 

Years. 

5 Herculis 

30*216 

H Coronse 

42*500 

{ Cancri , 

58*910 

1 Ursa Majoris . . 

58*262 

Ltftnis 

82*533 

pOphiUchi 

73*802 

3062 in Dorpat Catalogue 

94*765 

S Bo<ftis 

117"140 

S Cygni 

178*700 

y Virginis .. 

182*120 

Castor 

252*660 

V Corona 

736*880 

y Virginia 

632*270 

a Centauri 

77*000 

Orbit of Y Vlrglnis. 


Perihelion passage . . ; 

1836*40 1 

Inclination . . . . . 

.27® 36' 


Position of ascending Node 19 7 
Angle between line of Nodes 
and Apsides . . . , 295® 13 

Excentricity .. .. 0*8794 

Period in years . . . . 184*53 


Perihelion 

By whom 

Passage. 

Computed. 

. 1831*41 . 

. Madler. 

. 1807*21 . 

. Madler. 

. 1853*37 . 

. Madler. 

. 1817*25 . 

. Savary. 

. 1849*76 . 

Villarceaux. 

. 1806*83 . 

Eucke. 

1837*41 . 

. Madler. 

. 1779*88 . 

. Sir J.Herschel. 

. 1862*87 . 

. Hind. 

. 1836*43 . 

. Sir J.Herschel. 

. 1855*83 . 

. Sir J. Herscliel. 

. 1826*48 . 

. Hind. 

. 1699 

. Hind. 

. 1851*50 . 

. Jacob. ’ 


Orbit of ^ Herculis. 
Perihelion passage .. 1830*50 

Inclination 140® 39’ 

Position of ascending Node 217® 14' 
Angle between line of Nodes 
and Apsides .. .. 266*53 

Excentricity .. ,, 0*4381 

Period in years .. .. 37*21 


Computed by J, Fletcher, Esq», 1853. 


Note 233, p. 403. The mass is found in the manner explained in the 
text ,* but the method of computing the distance of the star may be made 
more clear by what follows. Though the orbit of tile satellite star is really 
and apparently elliptical, let it be represented by GDO, fig. 14, for the 
sake of illustration, the earth being in d. It is clear that, when the star 
moves through C DO, its light will take longer in coming to the earth from 
O than from C, by the whole time it employs in passing through 00, 
the bretulth of its orbit. When that time is known by observation, reduced 
to seconds, and multiplied by 190,000, which is tlie number of miles light 
darts through in a second, ^e product will be the breadth of the orbit in 
miles. From this the dimensions of the ellipse will be obtained by the aid 
of observation ; the length and position of any diameter as Sjo may be found ; 
and as all the angles of the triangle can be determined by observatifti, 
the distance of the star from the earth may be computed. 

Not E 234, p. 405. The* mean r^ults of Mirf? Argelander, Otto Struve, 
and Luhndahl for stars in the northern hemisphere and the epoch 1790, 
places the point to which the sun is tending in 259® 5' of right ascension 
and 55® 23' of north polar distance. Mr. Gallaway computed from stars 
in the southern hemisphere, at the same epoch, the point to have been in 
260® 1' right ascension and 55® 37' north polar distano^ results nearly 
identical, &ough from very different data. ' 

Note 235, p. 414. One of the globular clusters mentioned in the text is 
represented in£g. 1, plate 8. The stars are gradually condensed towards 
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the centre, where theyVun together m a blaze. The more condensed part 
IS projected on a ground of irr^larly scattered stars, which fills the whole 
field of the telescope. There are few stars near this duster. 

Note 236, p. 420. Plate 3 shows five nebulse as seen in Sir John 
Herschel’s 20*feet telescope. 

1. An enormous nng seen obbquely with a dark centre and a smaH star 
at each extremity. 

2. The nng in the constellation Lyra. 

3. The dumb-bdl nebula in Vulpicula. ^ 

4. The spiral nebula or brother system m the 20-feet telescope. 

5. A spmdlediaped nebula. 

Plate 9 represents some of the same objects as seen by Lord Kosse. 

1. Nebula in the girdle of Andromeda. 

2. The circular nebula of Lyra. 

3. The dumb-bell nebula in Vulpicula. • 

The spiral nebulse of 51 Meissier, as seen by Lord Posse, 1 in plate 10, 
represents fig. 4 of plate 8 ; and fig. 2 in the same plate is part of the 
great nebula in Onon, for the whole has nevqf been seen, on account of 
extreme remoteness. 

Note 237, pp. 32, 427. The motion of the eaith is visibly piovcd by 
M. Aiucault^ experiments. If a pendulum be left to oscillate quite freely, 
the forces producing the oscillations being in the vertical plane, there is no 
cause that can produce an absolute change m its position with regard to 
space , but the motion of the earth changes the position of ^ ^jeftatoi with 
lespect to the vertical plane, and he x^rs his own motion to it, which 
seems gradually to turn asvay from its position, precisely as a peison in a 
boat refers his own nmtion to that of the land, and thus the motion of the 
earth is truly and visibly proved. 
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Abbrdeee, high water at, 94. 

Absoi'ption, influence of, on tempe- 
rature, *239 ; diflerenoe of sea and 
land in power of, 242 ; gradually 
decreasing, in transmission of ra- 
diant heat, 259; of radiant heat, 
varying with substances, 268; a 
transfer of force, 275, 276. 

Acceleration of the moon’s mean mo- 
tion, 37, 38. 

Adams, Mr., perturbation in Uranus’s 
motion computed by, 22 ; discovery 
. of Neptune, 62. 

Aerolites, theory of, 420, 423. 

A^ica, tidal wave passing, 94 ; mean 
annual equatorial temperature in, 
245; indigenous pro<iuctions of, 
249, 250. 

Air, comparative velocity of light in 
water and, 202. See Atmosphere. 

Airey, Professor, periodic inequality' 
in the solar system worked out by, 
26 ; phenomenon observed 1)y, dur- 
ing an eclipse, 41 ; mass of Jupiter 
ascertained by, 55; experiments 
ascertaining its density, 57 ; astro- 
nomical tables improved by, 63; 
discoveries in polarization of light, 
192, 193. 

Aldebaran, an optically double star, 
401. 

Aleutian Islands, the, vegetation of, 
252. 

Alexandria, arc of the meridian mea- 
sured between Syene and, 49. 

Algse, districts of distinct species of, 
252 ; banks of, in the Atlantic, 253. 

Algol, fluctuations in lustre of, 890, 
391. 

Alh&zen, effects of refraction observed 
by, 155. 

Alkalies, resolved into metallic oxides, 
307. 

Alpha Antaris, Coal Sadn *’ between 
« Oentauii imd, 386. 


ANALYSIS. 

Alpha Aquilse, an optically double star, 
401. 

Centauri, the parallax of, 54 ; 

its rank, 384 ; the Milky Way near, 

» 386; parallax, as determined by 
Henderson and Maclear, 387 ; dis- 
tance from the sun, 388 ; orbit and 
mass of, 399, 400; colour, 401; 
amount of light emitted by, 404; 
rate of its proper motion, 404, 405 ; 
globular nebulous cluster, 414; 

— Crucis, zone of stars passing 
through, 385 ; zone between n Ai> 
gfls and, 390; nebulous cluster 
round, 415. 

Lyrae, the polar star of ^ the 

northern hemisphere, 82 ; parallax 
of, 388; distance from the sun, 
389 ; an optically double star, 400 ; 
amount of light emitt^.by, 404. 

Oriouis, aVariable star, 393,394. 

Alum, experiments on the crystalliza- 
tion of, 106, 107 ; heat transmitted 
through, 261, 262. 

Amazons, the river of, distance from 
its mouth where tides are per- 

• ceptible, 98; area occupied by fo- 
rests on, 243. 

America, course of the tidal wave 
along its coasts, 93, 94 ; mean annual 
equatoriid temperature in, 245; 
separation of isothermal lines in 
high latitudes, ib. ; number of 
known species of plants indigenous 
in, 249 ; number of species of trees, 
252 ; shooting stars over the conti- 
nent of, 421. 

— , South, area of country raised by 
an earthquake in, 234. 

Ampbre, M., his discovery in elec- 
tricity, 316 ; theory of magnetism, 
317, 318 : experiment testing his 
theory, 3t9, 320. 

Analysis, boundless dominion of, 427, 
428. 
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ANDES. 

Andes, the, proportion of, to the 
earth’s mass, 6; increasing rarity 
of the air experienced in ascending, 
118. 

Andromeda, nebula in, 413 ; nebulous 
region of, 417. 

Angstrom, the electric spark defined 
by, 393. 

Animals, specific diversity of, laws re- 
gulatingtheir distribution, 254, 255. 

Annual ^uation, the, of the moon, 
35,36. 

— — • variations in mean values of the 
magnetic elements, ,343. 

Annular nebulae, 409 ; in the northern 
hemisphere, 410, 4l 1. 

Antarctic Ocean, tidal wave rising in, 
93; period of its passage to the 
Thames, 94 ; depth of the stratum 
of constant temperature in, 101; 
depression of the barometer observed 
in, 120. 

‘ Antilles Islands, hurricanes beginning 
at, 126*. 

Antinori, Cav., experiments of, in elec- 
tricity, 333. 

Antinuus, comet observed in the con- 
stellation of, 372 ; the Milky Way 
between Orion iftid, 386. 

Antithesis, the general character of 
magnetism, 339. 

Aphelion of a planet’s patl» defined, 16. 

Apogee, solar, its coincidence with the 
solstices, 86, 87. • 

April, 1833, disappearance of Saturn’s 
nngs, 67 ; apparent and mean time 
coinciding in, 84. 

Apsides of an axis defined, 9 ; direct, 
variable motion of, 14; cause of 
their advance, or recession, 16. 

Apures, the mission of the, Humboldt's 
observations .on sound at, 135. 

Aqualous vapour, proportion of, in the 
atmosphere, 117. 

Ara, nebula in, 414. 

Arabian Golf, the, monsoons blowing 
over, 124. 

Arabs, the, their observations on 
planetary ir^ularities, 26; lunar 
e^lpses obs^^' hyf their di- 
visfon of time, '85 f jthe pendulum 
used as a measure <^time by, 90. 


ASSYRIANS. 

Arago, Francois, experiment by, in 
proof of the undulatory theory of 
light, 200; decisive experiment 
suggested by, 202; observations in 
photography, 213 ; lobservations on 
the mopn’s atmosphere, 226; in- 
crease of tempetature Ixilow the 
earth’s surface calculated by, 230 ; 
slow communication of temperature 
from the earth, observed, 244; 
source of magnetism discovered, 
330 ; theory of his magnetic ex- 
periments, 332; divergent dames 
of a comet described by, 364 ; his 
treatise on comets, 368 ; nature of 
comet’s light determined by, 380, 
381 ; number's of comets computed. 
381, 382 ; remark of, on fixed 
stars, 405. 

Arc, the Voltaic, 303-305. 

Arcct, M. d*, vibration of fibres of the 
retina according to, 178.* 

Archer, Scott, stimulus given to pho- 
tography by, 207. 

Arcs of the meridian, mode of mea- 
suring, 47. * 

Arcturus, comet bearing comparisoi 
with, 379 ; rank of, 384. 

Areas, descriW by the radii vectores 
of planets, a test of disturbing forces, 
10; unequable description of, 15. 

Argelander, M., period of a comet cal- 
culated by, 370 ; his mode of esti- 
mating distance of fixed stars, 389 ; 
periods of finctuation in stars com- 
puted by, 390, 391 ; sun’s mptiontr 
proved, 405. • 

Argentine preparations in photography, 
chemic^ energy varying with, 207, 
208 ; changes effect^ by y^hing 
with alkalies, 210, 211. 

Argo, variable star in, 893. 

Aries, season of the sun’s entrance 
into^ in Hipparchus’ age, 80. 

Arseniate of soda, its crystals, 109. 

Artesian wells, mode of sinking, origin 
of the name, 230. 

Artie Sea, depth of the zone of oosn- 
stant tempeiratare,^01. 

regions, vegetation found in, 249. 

Asia, indigenous productions of, 249.; 

Assyiians, the, division of time by, 85* 
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ASTRONOMBltS. 

Astronomers, fruits of their labours, 
3 ; question still to be resolved by, 
24; terrestrial orbit differently mea- 
sured by, 36. 

Astronomical ^distances, method of 
measuring, 43 ; tables, method of 
formHig, 58-% 

Astronomy, its imik in the physical 
sciences, an important office of, 1 ; 
studieJ necessai*y to the study of, 
2; the key to divers problems in 
idiystcal science, 3 ; the two greatest 
discoveries in, 23; tlie three de- 
partments of, 58 ; stahdards for 
measui*emeht afforded by, 83; ap- 
plication of, to chronology, 87-89 ; 
furnishing standards of weights and 
measures, 89, 90 ; atmospheric ef- 
fects connecting the laws of molecu- 
lar attraction with, 102; progress 
lately made by, 419, 420. . 

Atalanta, diameter of, 56. 

Atlantic Ocean, dii^ction of tidal 
waves in, 93 ; conditions modifying 
tides, 94; depth of, 96; currents, 
100; origin of hun icanes, 126 ; su- 
perficial temperutuve of, 244 ; dis- 
tinct vegetation of the polar basin, 
252 ; beds of qjgtc in, 253 ; meteors 
fiillutf in, 421. 

telegraph, 325, 326 ; terrestrial ^ 

magnetism disturbing, .^6. 

Atmosphere of nebulous stars, 411, 
412. 

^ of planets, 226, 227. 

t of the sun, its constitution, 42 ; 

indications of an Absorptive sur- 
rounding the luminous, 213; the 
true, 224. 

terrestrial, solar rap bent by, 

in lunar eclipses, 40 ; influence of, 
in solar eclipes, 41 ; its analysis, 
pressure on the surface of (he globe, 
117 ; form of, gradual decrease in 
density of its strata, 117, 118 ; in- 
fluence of temperature pn its density, 
119; mean pressure of, variable, 
120 ; the medium conveying sound, 
129 ; sympathetio vibrations trans- 
mitted by, 147, 148 ; its ^tion on 
light, falsifying vision, 153; phe- 

. nomena produced by accidental 


ATTRACTION. 

changes in its strata, 155-156 ; 
effects of increased density in the 
stratum in the horizon, 157, 158; 
lunar*heat absorbed by, 227 ; cause 
of the cooler air in higlier regions of, 
240, 241 ; snn*s heat modified by, 
244 ; action of electricity in, 284 ; 
transmission of electricity by induc- 
^ tion, 286; periodical variations of 
electricity in, 291 ; accidental de^ 
velopments of||)ectncity, 291, 292 ; 
cause of variations in .its magnetism, 
344, 345; nebulous bodies made 
visible by, 421-423. 

Atmospheric air, extreme elasticity of, 
105. 

pressure, effect of, on electricity, 

288. 

A’lemic constitution determining crys- 
talline forms, 109. 

Atoms, qualities of, determining the 
nature of substance^, 110; dif- 
ferences in weight of, 111. 

Attmetion, modes of, in spheres, in the 
celestial bodies, 4 ; deteimining tlie 
forms of planets, 6; determining 
the motions of planets, 7 ; solar, 
compelling the dliptical revolutions 
of planets, 8 ; mutual, of planets, 
complicating their motions, 10.; in- 
terference of, disturbing the motions 
of heavenly bodies, 11 ; disturbances 
from the operation of reciprocal, 
13 ; disturbances fi'oin inequality 
of, 14; of satellites to primaries, 
little disturbed, 26 ; disturbing force 
of, in spheroids, 27 ; its effects on 
Jupiter’s satellites, 28; sun*s, of 
the moon, 34 ; principle modifying 
the earth’s, 37 ; Ipca), affecting the 
plumb-line, 48 ; comparative force 
of the sun’s, 57 ; of an external 
body affecting a spheroid, 79 ; pro- 
ducing tides, 91, 92 ; of particles 
of matter, 103; capillary, •113 ; 
producing annual atmospheric un« 
dulatious, 121 ; the lunar atmo- 
sphere affected by, 226 ; expansive 
three of heat overcoming, 271 ; of 
electricities, 283 ; ^^truetioi^v ot, 
producing electricity^ 284 ; laws of 
electrical, 286-288; modes of, in 
Y 
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AURORA. 

* static and in voltaic electricity, 317 ; 
action of (danetaryi on comet’s or- 
bits, 361-363; range of solar, 
365. • 

Aurora, the, affecting the compass, 
312. 

Australia, evidence of deserts in 'the 
interior of, 124; species of plants 
common to Europe and, 251. i 

Auvergne, temperature of hot springs 
in, 232. ^ 

Axes, change in form of masses i*e« 
volving round, 6. 

, major, length of, in orbits, in- 
variable, 20 ; of the mbits of Ju- 
piter’s satellites, cause of the direct 
motion observed in, 28 ; position 
of, in the solar system, 65 ; a 
nutation in planetary, 66 *, of the 
moon, 68, 69; mechanical law 
affecting, 76. 

— — , optic, of crystals, 183. 

Axis, greater, of the earth’s orbit, 
periM of its revolution, 38 ; period 
of the earth’s revolution, 58 ; excess 
of Jupiter’s equatorial over his 
polai’, 66 ; of rotation^ proof of its 
being invariable^76, 77. 

— — , major, of a^lanet’s orbit, dis- 
tance fiom the sun measured by, 8 ; 
designation of its extremities, 9 ; 
len^h of, determining the form of 
the orbit, 10 ; periods of its revolu- 
tions, 17 ; length of, not perma- 
nently changed, 20; Jupiter’s pe- 
riodically diminished, Saturn’s in- 
creased, 26 ; of the solar ellipse, 
period of its revolution, 86. 

, magnecrystallic, 349. 

Azores, the, icebergs reaching, 100, 

Babbagr, Charles, his theory of vol- 
canic action, 235-237; quotation 
from,' on the nature of force, 
35 ^. 

Babinet, M., his theory of dark lines 
observed in the solar spectrum, 
163 ; comet’s light computed by, 
359. 

Babylon, eclipse observed at, 36. 

Bacon, Fran^, anticipation of dis- 
covery by, 32. 


BECQUEREL. 

Baily, Mr., compression of the teries- 
trial spheroid calculated by, 50; 
density of the earth determined, 
57 ; fictitious antiquity ascribed to 
Indian astronomical observations, 
88 . 

Bali, volcanic erupite in, 23$. 

Balloon, rarity of the air felt in a, 
118; observations made- from, 
119. c 

Baltic, the, a tideless sea, 98 ; de- 
creased atmospheric pressure on 
the shores of, 120. 

Barlow, Mr., observations suppoi ting 
his theory of electric currents, 346. 

Barometer, the, principles of cohesion 
and attraction applied to tlie con- 
struction of, 113; density of the 
atmosphere measured by, 117 ; 
mean heights of, varying with at- 
mospheric densities, 118 ; mountain 
heights measured by, 119, 120; 
atmospheric phenomena affecting, 
120; nsed to trace the couine of 
atmospheric waves, 121; cause of 
sudden fall in, before hurricanes, 
127 ;*Wfraction varying with, 154. 

Barrow, Cape, obsen'ations on niag- 
nAic storms at, 3^5, 346. 

Battery, voltaic, construction^f, 298, 
299; Professor Daniell’s improve- 
ments, 299, 300 ; action of, clmrged 
with water, 300; constant flow 
of electricity obtained by means of, 
312. 

— magnetic, constructed by Dr. 
Faraday, 324, 325 ; Mr. Henley’s 
magneto-electric, 325; Atlantic tele- 
graph, 326 ; structure of, for land 
telegraphs, 328; relation of heat 
to power of, 329 ; thermo-electric, 
333. 

Batsha, ^rt of, tides neutralised in, 
99, 

Bayle, comparative density of the at- 
mosphere in interplanetaiy space 
according to his law, 356. 

Bear, Little, the, the polar star in, 
62. 

Becquerel, M. E., unexplained pho- 
tc^phic phenomenon observed 
by, 213; phosphorescent property 
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BEEHIVE. 

in the solar spectrum discovered, 
216; cause of phosphorescence, 
217 ; electricity excited by pres- 
sure, 283 ; light attributed to elec- 
tsicity by, 284- ; cause of phospho- 
rescence investigated, 296; in- 
strument comparing intensities of 
electricities invented, 300; crys- 
tcils formed by agency of electricity, 
308^ thermo-electric battery con- 

, structed by, 333; effect of atmo- 
spheric on terrestrial magnetism 
estimated, 345. 

licehive, the, a nebulou's star, 415. 

Uerard, M., experiments of, in polar- 
izing heat, 204, 

Berlin, line of coincidence in tempe- 
rature passing through, 238. 

Berne, increasing temperature of a 
deserted mine in, 230. 

Berrc, Dr., photographic pictures per- 
fected by, 205. 

Bessel, M., his calculations from mea- 
sureraeuts of arcs of the meridian, 
48 ; calculation of the 8un*s mean 
apparent diametei, 56 ; his comp\i- 
tation of the mass of Saturn’s ring, 
68; diminished obliquity of the 
ecliptic observed by, 81 ; parallax 
calculated, 380; his theory of 
Sirius’s irregular motions, 392 ; 
catalogue of double stars, 396 ; 
mass of 61 Cygni found by, 
404. 

Beta Lyra, a variable star, 391 ; ne- 
bula between y Lyi'ae and, 410. 

Be'zenberg, M,, velocities of falling 
stars compul^d by, 423. 

Biela, M., date of the discovery of 
his comet, 367 ; possibility of col- 
lision with the earth, 368 ; present 
and prospective planetary influence 
on, 369; becoming two distinct 
bodies, 369, 870. 

Binary systems • of stars, 395-406. 
See Double stars. 

Biot, M.,hi8 ascent in a balloon,' 118 ; 
experiments of, on the transmission 
of sounds through pipes, 137; 
liquids possessing the power of 
circular polarization discovered by, 
190 ; bis theory of circular polar- 


BREWSTER. 

ization, 191 ; cause of phospho- 
rescence^io the solar spectrum inves- 
tigated by, 217. 

Birds, distiibution of distinct specie 
of, 255. 

Birt, Mr., atmospheric waves mea- 
sured by, 121, 122. 

Bise, in Switzerland, cause of, 242. 

Bismuth, its magnetic and eiecti-ic 

' propertiesi 347. 

Black Sea, the, scarcely affected by 
tides, 98. 

Bode, Baron, law of, assumed in com- 
puting Neptune’s position, 61 ; 
iailiug in the case of Neptune, 63. 

Bond, Mr., satellite of iSaturn dis- 
covered by, 32 ; elliptical nebula 
resolved, 413. 

Bonnycastle, Captain, phosphorescent 
phenomenon observed by, 205, 296. . 

Bonpland, M., identical productions 
of the Old and New World found by, 
251. 

Bootes, nebulous system in, 417. 

Bore, file, of the Hooghly, its origin, 
94. , » 

Botanical districts, distinct, of the 
globe, 251, 252. 

Botto, M., thermo-electricity used in 
decomposition by, 333. 

Bouguer, degi'ees of the meridian mea- 
sured by, 48. 

Boussingault, M.^ depth of the under- 
gi'ound stratum of constant heat 
calculated by, 228. 

Bouvard, M., atmospheric undulations 
estimated by, 121. 

Bradley, Dr., motion of the pole of 
the equator discovered by, 84 ; his 
tables of refraction, 155. a 

Brahmins, measurement of time by, 
85. 

Brand, M., observation of, on me- 
teors, 423. 

Brewster, Sir David, his analysis of 
the solar spectrum, 161 ; experi- 
ments on ray less linei^, 163 ; ex- 
periments on spectra of flames, 
164; law discovered by, deter- 
mining angles of polarization for 
light, 183 ; experiments oa fluor- 
escence of light, 197 ; line of coin- 
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BRIGHTON. 

cidence in temperature^ of springs 
end of the atmosphere determine 
‘ by, 238 ; temperature of a pole of 
maximum cold determined, 245; 
isogeothermal lines determined by, 
246 ; observations on the light of 
fixed stars, 402. 

Brighton, phenomenon caused by re- 
nectiou observed from, 157. 
Brinkley, Bishop, massif the moon 
determined by, 56. 

British .Channel, height of tides in, 
98. , 

Isles, atmospheric wave passing 

over, 121. 

Brorsen, M., periods of comets dis- 
covered by, 370. 

Brown, Dr. Robert, peculiar vegeta- 
tion found by, in Australia, 251. 
Buchan, Dr., phenomenon caused by 
reflection observed by, 1 57. 

CAESAR, Julius, era computed from 
his reign, 85. 

Cagniard de la Tour, M., instrument 
designed b^, measuring musical 
notes, 143. 

Calms produced by the trade-winds, 
122, 123. 

Calorific rays. Sec Rays of heat.' 
Calotype, the invention of, 204. 
Camelopard, nebulous system in, 4 17. 
Canaries, the, vegetation of, 252. 
Canary-glass, fiuorescencc of light in, 

. 196. 

Cancer, the calms of, 123 ; the tropic 
of, marking the limit of the trade- 
winds, 126; nebulous cluster in, 
415. 

Canis Ifajor, position of, 390. 

- Venatica, nebulous system in, 
. 417. 

Capillarity, theory of, 113; forces 
producing, 114 ; familiar examples 
of, 115; curious phenomena, 115, 
116. 

Capricorn, the calms of, 123; the 
tropic of, hurricanes changing their 
direction at, 126. 

its powers contriisted as a 
and as an opaqu^ amorphous 
' distance, 302, 303. 


CERES. 

Carbonate of lime. See Lime. 

Carbonic oxide, its constituent parts, 

111 . ^ 

acid, proportion of, in the atmo- 
sphere, 117. , • 

Cardinal points, the, position of con- 
tinental masses with regHr<f to, in- 
fluencing temperature, 244. 

Caribbean Islands, hurricanes begin- 
ning at, 126. ' 

Castor, discovered, by Sir Williaih 
Herschel, 396. 

Cassiopeia, st%r appearing and vanisli- 
ing in, 392, 393. 

Categat, the, consequence of its nar- 
rowness, 98. 

Cauchy, M., data furnished by, for 
invwtigation of the theory of light, 
201 . 

Cayenne, variation in length of tlie 
pendulum between Paris and, 51. 

Celestial bodies : law of their mutual 
attmetion, 4 ; of the solar system : 
law determining their attraction to 
the sun, 5; problem, to fix the 
positions of, on occurrence of dis- 
turbance in ^eir motions through 
counteractiii^ attractions, 11 ; 
theory of their mutual connection 
and depi^denoe^ 24 ; mode of flud-> 
ing the"^i^b8oluto distances of, 43; 
distances of, computed fr(m Uleir 
parallax, 52, 54 ; apparent : 

oT, affected by refi’action; 

154; apparent infinity of, 4^6. 

Centaur, position of^ 391):; brilliani 
double stai* in, 3^19. 

Central Asia, mountains o^ their 
ascent by llarco Polo, ll8. ^ 

Centre of g^rayitjr. See Gravity. 

Centrifu^^v^j^a^, moon*s motions 
modifi^^^^ ^5 ; influence of, on 
plane^torms, 6 ; retarding, oscilla- 
tions of the pendulum, 32; action 
of, in determining the figure of the 
earth, 44, ^45 ; measurement of its 
intensitjr, 49;' resolved into two 
foraes, its action on the sc4 100. 

Ceres, astronomical tables of, 63; 
height of her atmosphere, 226; 
comet of 1770 rovolving beyond 
the orbit of, 361. 
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GETUS. 

Cetus, nebulous patches crossing, 417. 

Chaldeans, the, mean longitude found 
ft'om observations of, 36 j result of 
comparison of their observations 
witli modern, 38. 

ChaIlis,^Professor, Brewster’s analysis 
of light questioned by, 161. 

Charcoal, light produced by electri- 

^ city from, .302-303. 

Charles v ., the Emperor, observa- 
tions on comets, mnde in liis reign, 
370. 

Chaudes Aigues, temperature of, 231. 

Chemical action of rays of the solar 
spectrum, 203, 207 ; varying maxi- 
mum of energy, 208 ; action vary- 
ing with refrangibility, 209-212; 
action in luminous spectrum not 
continuous, 213 ; energy an inde- 
pendent property of rays, 214; 
properties of the parathermio rays, 
219 ; tetiou of light maiiit4uning 
vegetation, 249 ; affinities the source 
of the power of steam, 278 ; of elec- 
. tricity on oxygen, 284 ; eliciting 
voltaic electricity, 297, 300 ; vol- 
taic elcctricitv, an agent' in, ana- 
lysis, 307, 308. 

combinations, theoiy of, 110; 

invariable j)roportions ot^ HI; co- 
hesive force inducing, 112 ; pro- 
ducing combustion,* 270. 

— force, the power of, 112, 

— — r^ys, causing the deposition of 
dew, 269. 

Chile, elevation of land by an earth- 
quake in, 234. 

China, distinct flora of, 251. 

Sea, the, monsoons blowing 

over, 124. 

ink, polarized light reflect|id 

from, 193, 

Chinese, the, observations of, on the 
mean motions of Jupiter and 
Saturn, 25; proof of their early 
study of astronomy, 88 ; decimal 
divisioBs used by, 90 ; elements of 
comets competed from their ob- 
servation, 865 ; comet of 1264 
recorded, by, 370. 

- — Tartary, herbarium collected in, 
250,251. 


COAL. 

Ch]a#Di, discovery of, in musical sci- 
ence, 145. 

Christian era, traces of astronomical 
records before, 365. 

Chromatype, the invention of, 206. 

Chronology, deixmdent on astronomy, 
87-89. 

Chirygotype, the, coloured photographs 
obtained from, 206. 

Circuit, galvanic, modes of obtaining, 
332. 

Circular arcs, principle witli regard to 
their sines and cosines, a pledge foi’ 
the stability of the solar system, 20. 

motion, ratio of forces procuring, 

382. 

orbits of planets distinguished 

from elliptical, 8 ; of satellites, 27. 

polarization of light, 189-192 ; 

of heat, 266. 

Circumfej ence of the earth, 49. 

C.*ivil time, measure of its periods, 8.1 ; 
not precisely iidjusted to solar re- 
volutions, 85. 

Clairaut, periodic, time of Halley’s 
comet computed by, 362, 363, 

Cleavages of crystals, 109; position 
ofi afeting the intensity of mag- 
netic action, 350. 

Cliniates,«planetary, 225, 226 ; cause 
of the different terrestrial, 237 ; 
phenomena affecting, 239^ 240; 
causes of variety of, 243, 244; 
milder, of the Polar Ocean, 245, 
246 ; like mean annual temperatures 
not ensuring like, 246 ; compensa- 
tions of irregularities, 247. 

Clocks, showing apparerit sidereal 
time, 83 ; regulat^ to show de- 
cimal time, 84 ; insular action of, 
corrected by the laws of unequal 
expansion, 272. 

Clouds, circling the belt of equatorial 
cjilms, 123; region of, 124; elec- 
tricity evolved from, 291-292. 

Cloyne, Bishop of, his calculation of 
the moon’s mass, 56. 

Coal-measures, tropical plants in, 72, 
73 ; age of their foimation, 75. 

Coal, chemical force evolved from, by 
combustion, 278; source of its 
combustible qualities, 279, 280. 
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COAL. 

“ Coal Sacks ” in the Milky Way, 
386. 

Cohesion, influence of, on matter, 105 ; 
phenomena arising from its force, 
106; attraction of, overcome by 
the expansive power of heat, 271. 

Cohesive force, properties of material 
molecules constituting, 103 ; ef- 
fectual only to unite particles of 
like nature, 1 10 ; inducing chemi-* 
cal combination, 112; capillary 
attraction, an action of, 113. 

Coins, impressions taken from, by 
contact, 220; by electricity, 221. 

Cold, contraction caused by, 271, 

> 272 ; mitigated by slow propaga- 
tion of heat in air, 273 ; generated 
by voltaic electricity, 302 ; in- 
creasing the conducting power of 
the air, 345. 

Colladon, M., experiments of, testing 
the velocity of sound, 135. 

Collision between the earth and 
comets, possibilities, possible effects 
of, 367, 369. 

Collision, sensitiveness of, to light, 
203 ; properties of, as an agent in 
photography, 207. 

Colours, seven primary, 159 ; theory 
of the decomposition of white 
light into, 160; degree of refran- 
gibili^' not invariable, 161 ; three 
primary, ib . ; new, discovered by 
8ir John Herschel, 162; rays re-- 
fracted without, 164; rarely ho- 
mogeneous, 165; experiments on 
accidental and complementary, 165, 
166 ; determined by undulations of 
ether, experiments, 170-175; of 
material substances, whence de- 
rived, 175 ; product by analyzing 
polarized light, 186-188; varying 
with refrangibility of rays, 198 ; 
obtained in photography, 206 ; 
images of the solar s^iectrum imi- 
tating the prismatic, 208-209 ; of 
seaweeds, 253; not invariably 

r 4%)ondent on ; affected by 

' IlgoFption and reflection, 268 ; of 
electric spark, by the 

atmos{diere, 289 ; of the voltaic 
spectr^, 303 ; of the electric 


COMPASi. . ’ 

spark, 384 $ produced by oxidation 
on silver, 305 ; of the fixed stars, 
401, 402; of planetaiy nebulas, 
412 ; of nebulous clusters, 415. 

Columbus, beds of al^^ found by, 
253. « 

Column, capillary, forces pr^ucing 
changes in its form, 114, 115. 

Coma Berenices, a nebulous ^cluster, 
415; nebulous zone passing, 410, 
417. 

Combustion, cause of, 270 ; defined, 
304. 

Comets, attraction by the sun of, 5 ; 
disturbances in the motion of, a 
key to the nature of the ethereal 
m^ium, 22 ; retrograde motion in, 
33; passing through Jupiter’s sa- 
tellites, 69 ; return of, to their 
perihelia, furnishing historical data, 
88 ; existence of the luminous ether 
demonstrated by, 168, 169^ terres- 
trial atmosphere unaffected by, 
358; amount of their light com- 
puted, 358, 359 ; passages of*, 
through the Sofitr system, 359 ; 
velocity, patb^ of, 359, 360 ; proof 
of the return of, 360 ; disturbing 
action of planets on their orbits, 
361 ; of 1770, an exignple, 36 W ; 
362 ; computed return of HallevC; . 
362, 363; aspects, records 
Halley’s, 363-365 ; discoveries^ad^ 
by the revolutions of, 365 ; pf the 
solar system, Encke’s, 365,' 366 ; 
Biela’s, possibility of collision with, 
367, 370 ; periods of vari0UK^9 » 
cause of their brilliani^, 
locity, snn^s influence on, ; 

of 1843, 372, 373 ; their <iSltitu- 
tion, 373, 374 ; of IS^Sts lu- 
minous envelopes, 374 k ^||m!; sud- 
den -eonvulsiOAs 

375*377; causes asai^^ forcon- 
tinction of diameter in, 377, 378 ; 
£)onati*8, 378, 379 ; nature of their 
light,. 379-381 ; computations of 
their numl^rs, 38t, 382; orbits 
of, 383 ; nebula resembling, 413. 

Compass, mariner’s, phenomena dis- 
turbing, 312 ; Intelisity of a gal- 
vanic current measured by, 315. 
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COHPBLSSION. 

Compreabion of tho ten«>stnal «iphe- 
loid, calculations of, 48-51 ; cause 
ot the great, in Jupitei, 66 ; 
sures oi> from pressnie o£ supei- 
mcumbent #nas«i, 78 , effect of, on 
magnetic action, 351. 

Concora, a, in music, 142. 

Conductois of electiicity, 284, 285 ; 
lightnmg, 293; molecular sliuc- 
tui'e ^determining the povver of, 
303. 

Conic sections, conditions compelling 
bodies m space to move in, 5, 
pnnciple determining then natuie, 
11 . 

Ccnstelkiions neatest the sun, 390; 
where the oibit of the &oIdi s)stem 
lies, 406 ; occupied by the nebulous 
system, 417. 

Coiitiattion caused by cold, 271, 272 
Cook, CapUin, object of his fust 

Cooper, Ml., list of missing stais 
diawn up b>, 395. • 

Copper, elcttridty ommunnatcd to 
^ates of, 220 ; ii^iitning-conduct- 
ors of, 293, iction of an electio- 
magnet on, 351, 532. 

Coidier, temperatne of mines ob- 
served by, 228. 

Coidilleias, edect on tempeiatuie of 
their tfible-landt, 241. 

Corn, a, Held uso<l to ilUistiate the 
piopagation ot >i)iind, 129, 130. 
Corn wall, hot-spnngs in mines of, 
229. 

Corona australis, nebula m, 414, 
Ooipuseular theoiy of lit,ht, 167 ; 
phenomena dispioving, 171, 175, 
176. 

Coseguina, volcanic iiruption of, 233^ 
Coulomb^ instrument measuiing elec- 
tiical intensity, invented by, 287. 
Creation, listne&s and magiiiticencc 
of, 2. 

Ciimea, cause of the great stoim in 
the, 122. • 

("loss, Mr,, voltaic batteiy with con- 
stant action invented by, 300. 

Cross, the Southein, vacant patches 
of the Milky Way near, 386, • • 
Oijstallization defined, 106; foims 


CURVES. 

of, their variety affected by tem- 
perature, 107, 108 ; peimaiient and 
variable foims, 108, 109 ; cleavages 
in, 109 ; common to all substances, 
i6.; by the agency of electricity, 
.308, 309. 

Ciystals, conditions determining their 
forms, 107-*109 ; •optic axes of, 
18^ ; used in polnn/ing light, 186, 
188 , clianges in, effect^ by com- 
pression, 189 ; transmission of rays 
of heat by, 258 ; expansion of, by 
heat, 272, 273 ; foimed by clectn- 
city, 308 , action of magnetism m, 
349, 350; ciicumstances detei min- 
ing the setdof, 350, 351 , effect ot 
temperatuie on mignetiz^, 352. 

Cumming, Professor, expeiiments ol, 
in theimo-electncity, 333. 

Carients, two gteat, setting from each 
j)olt towaidsthe equator^lOO ; pio\ - 
mg the lotation of winds, 124, 125. 

— , electiic, flow of^ reguUt^ by 
Volta, 297-299; charactei istics of 
Voltaic, 301 ; conductois, non- 
couductois of, 309; continuous 
flow of Voltaic, 312 ; action of, on 
magnets, 313-315 ; lecipiocal and 
mutual action of magnetic and 
electiic, 316,317 ; Ampire'b theoiy 
of, unsolved difficulties, 317, 318 ; 
effect of, on polarized lays, 319; 
electiic, evolved by magueU, 322, 
323; their powei of pioducing 
induction, 324, direction of, pio- 
duced by lotation, 330-332 ; evolved 
by .application of heat, 332, 333 ; 
pioduced by mtersectifig magnetic 
curves, 339 ; induced by crossing 
tericstrial lines of magnetic force, 
342. 

Cuives, described by bodies projected 
in space, 5. 

— , mignetic, 338 ; electiicity pro- 
duced by Intersecting, 339 ; natme 
of, pro\ed by Dr. Faraday, 339, 
340 ; terrestiial, 341, 342 ; extent 
of the range of terrestiial, 344; 
complete connected system of the* 
terrestrial, 345 ; inductive effect on 
the Atlantic telegraph, 346 ; dia- 
magnetic, 348. 
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CYANITB. 

Cyanite, changes effected in, by inag« 
netism, 349. 

Cyanotypcs, coloured photographs 
obtained by, 206. 

Cygni 61, distance from the sim of, 
389 ; orbit and mass of, 398, 399 ; 
colours, 401 ; mass, 404; proper 
motion, 405,^ 

Cygnus, portion of the Milky Way 
lying between « Centauri and, 386. 

Cylinders, rotating by electricity, 
313 ; electro-dynamic, 316. 

Dalcoath copper-mine, its tempera- 
ture, 228. 

Daguerre, M., his inveiitions in pho- 
tography, 205 ; action of light on 
the iodide of silver cjKplained by, 2 1 9. 

Daguerreotype, the, invention of, 205. 

Dalton, Dr., law of definite proportion 
establislied by, 111; law of the 
wind’s rotation observed by, 1 25, 

Damoiseau, M., perturbations of a 
comet computed by, 367. 

Daniell, Professor, Voltaic battery Im- 
proved by, 299. 

Daubuisson, M., observations of, in 
mines, 228. 

Davy, Sir Humphry, his first attempts 
to produce photographic pictures, 
203-204 ; ex])erimeut of, proving 
identity of heat and motion, 275; 
experiments on the electric spec- 
trum, 289 ; alkalies, earths decom- 
posed by, 307. 

Days, law determining the length of, 
71 ; period of the mean sidereal 
and solaf, 83; v.arying with the 
seasons, 84; decimal division of, 
84; seven, the most permanent 
division of time, 85. 

Deccan, the, wheat ripening in, 250. 

December, 1832, disappearance of 
Sfitum’s rings in, 67 ; coincidence 
of mean and apparent^ time in, 84 ; 
date of Chrisrs nativity, 85 ; the 
astronomical year beginning in, 86. 

Decimal division of time, 84. 

Declinations of the moon, 97. 

Decomposition, effected by electricity, 
307*308 ; by magnetism, 323 ; by 
thermo-electricity, 333. 


DOLDRUMS. 

Delamhre, his compuhitions of the 
length of the year, 359. 

B%lta Cephei, a variable star, 391. 

Denmark, course of the tidal wave to, 
94. 

Density, variable, impeding sound, 135, 
136 ; of media, modifying* refrac- 
tion, 153, 

Densities of heavenly bodies, formula 
finding, 56; experiments, ^7, 58; 
comparative of the terrestrial globe,. 
77, 78. 

Deserts, causing monsoons, 124; in- 
fluence of, on temperature, 243. 

Dew, cause of its de})osition, 269. 

Dialectrics in electricity, 286. 

Diamagnetic substances, 335, 336. 

Diamagnetism defined, 335 ; sub- 
stances it is resident in, 336 ; dis- 
covery, characteristics of, 347 ; 
n(‘utral substances obtained by pro- 
portionate combination of, with 
paramagnetism, %h, ; polarity of, 
3^ ; connected with arrangement 
of mnlociiles, 350-351 ; affected by 
division and compression, 351 ; pos- 
sibly identical with paramagnetism, 
356, 357. 

Diameter of the earth, 21 ; Jupiter’s 
polar, 27 ; excess of his e^qi^rial, 
39 ; apparent, of the suii Jl^^oon, 
nearly equal, 40; of the earth, 
49; of ho<lies composing the solai< 
system, 56 ; of Neptune, 63 ; 
comets lacking a sensible, 373; 
contraction of, in comets, 377 ; 
causes assigned for, 377, 378. 

of au annular nebula, 410; 

sensible, of a planetary nebula, 41 2., 

Diamond, the, polarized light reflectetl 
from, 193. 

Dieppe, seen from Hastings, 157. , 

Differential telescope, . the^! .experi-< 
menis to be made by, 9fi7. 

Discord, a, in music, 142. 

Diurnal tides of the atmosphere^ |bcir 
duration, 121. , 

variations in mean valqiSS of the 

magnetic elements, 343. 

Dcebereiner, M., Spontaneous ccinbus- 
•tion discovered by, .112.'’ , 

Doldrums, region of the, 123. 
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DOLLAND. 

Dolland, Mr., . achromatic telescope 
perfected by, 165. 

l^nati, Signore, discovery of his 
comet, 378 ; changes in, its irregu- 
larities, 379. 

Doradus, nelfulous patches on, 417. 

Dorpa4, occultation of a star observed 
from, 364. 

Double nebulis, 411. 

Doubl%8tars, catalogues of, 395, 396 ; 
formulae obtaining the relative 
position and motions, 396, 397; 
eclipse in y Virginis, 397 ; orbit of, 
determined, 398 ; eclipse in ^ Uer- 
culis, ib , ; orbits and periodic times 
of, 398, 399 ; anomalies in motions, 
400 j optically double, 400, 401 ; 
colours of, 401 ; rays composing 
the light of, 401, 402 ; passage of 
light from, furnishing data to as^ 
curtaining their actual distanee, 
402, 403; data for finding their 
masses, 403, 404 ; calculations 

founded on tlie quantity of light 
emitted from, 404; real and ap- 
parent motions of, 404-406 ; appa- 
rent periodic time, 406, 407 ; con- 
nection of elliptical nebula: with, 
411. 

Dove, Professor, 1^ of jthe wind’s 
rotation developed by, 125; aver- 
age temperature of the earth's snr- 
* face estimated by, 237. 

Draco, nebulous system in, 417. 

^raper, Professor, experiments of, on 
fluorescence of light, 198 ; experi- 
ments in*photography, 213; pro- 
perties of parathermic rays dis-^ 
covered by, 219 ; spectrum produced 
from diffracted light, 223; theory 
oFheat propagated by undulations, 
267. ‘ 

Dunlop, Mr., revolution of a double 
star calculated by, 400. 

Dusejour, 1^., distances df comets com- 
puted by, 359. 

Dyiiamic electricity, 297. iS'ec Voltaic. 

— ^ theory of heat, fundamental 
principle of, 357. 

Dynamie equator of the earth, 343. 

Dynamical theory of hea^ 274, 275 ; 
illoetrated by liquefaction and coo- 


•ISARTH. 

densation, 278; by generation of 
steam, 277, 276 ; power of nature, 
279-281. 

Dynamics, principle in, a law, with 
regard to the earth's rotation, 72 ; 
electro, discovery of action of cur- 
rents in, 316 ; the thef)ry of, uni- 
versal application of, 426, 427* 

Eautii, the, influence of its form on 
attraction, 4 ; square of the moon's 
distance from, 5 ; form of, 6, 7 ; 
moon’s influence on its rotations, 7 ; 
diameter ol^ 21 ; mean distance 
from the sun, ib, note ; permanence 
of revolution in its times and sea- 
sons, 2;i ; perturbation in the mean 
motion of Venus andr 26; proof of 
the motion of, in ite orbit, of its' 
-rotation, 32; variations in its at- 
traction of the moon, 37 ; com- - 
pressiou of its spheroid, 38 ; in- 
ternal structure of, 39 ; its mean 
distance from the sun, 43 ; theo- 
retical investigniion of its figure, 
44-46; dimensiqas of, determined, 
48, 49; figure of, found by cal- 
culating its variations in gravita- 
tion, 49-51 ; density compared with 
the sun, 56 ; experiments finding 
fts mean density, 57, 58 ; rate of 
i-evolgtion round its axis, 58; its 
diurnal rotation immuttable, 71, 72 ; 

• changes in temperature and tlieir 
causes, 73, 74; nature of the revo- 
lutions producinggeological changes, 

. 76, 77 ; conjectures touching its 
internal stnicture, 78 ; effects pro- 
duced by solar and lunar attraction 
affecting its equator, 79-81 ; its 
form furnishing standards of weight 
and measure, 89 ; rotation of, act- 
ing on tides, 92; attraction of, 
aflecting the lunar atmosphere, 226 ; 
conjectured constitution of its in- 
terior, 231, 232; principles regu- 
lating the diffusion of solar heat, 
237*247 ; distribution of known 
species of plants over, 249-252 ; 
electric tension of, 291; lines of 
magnetic force issuing Irom^ 341 ; 
roagifttic properties of, 842) 343 ; 

•V Q ^ 
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EAUTHQCTAKlfts. 

effect of its collision with a comet, 
368; nearest approach of comets 
to, 369 ; passage of light from a 
Centanri to, 388 ; theories of me- 
teors filing on, 421-423. 

Earthquakes in South America, 234. 

Earths, decomposed by voltaic elec- 
tricity, 307. 

Eastern coasts, cause of their colder 
climates, 244. 

Ebb, 5C<? Tides. 

Eboulemcns of mountains in Switzer- 
land, c^iuse of, 271. 

Echoes, theory of their origin, 137, 
138. 

liclipses, lunar, accelerated revolu- 
tions proved by observjitions of, 36 ; 
observations* of, confirming results 
of analysis, 38 ; principle regulating 
their return, 39 ; refraction of rays 
by the terrestrial atmosphere, 40. 

— — , solar, 40 ; effects of light in, 41. 

, planetary, 42; the sohir at- 
mosphere visible in, 224 ; of double 
stars, 397, 398. 

Ecliptic, the, forming the equinoxes, 
9 ; latitude reckoned from the plane 
of, ib . ; deviations of planetary 
orbits from, 10; forces affecting 
their position towards, 15; their 
compensated and uncompensated 
variations to the plane of, 18, 19 ; 
secular variation in the plaiie of, 
23 ; orbits of satellites, nearly per- 
pendicular to, 33 ; lunar motions 
towai-ds, 35; inclination of the 
sun’s plane of rotation to, 65 ; in- 
clination of the plane of Saturn’s 
rings, 67 ; inclination of the plane 
of the terrestrial equator, 79 ; ten- 
dency of its plane to coincide with 
the equatori^, ib . ; retrograde mo- 
tion of the equinoctial points on, 
80 ; obliquity of, affecting the du- 
ration of time, 84, 

Edinburgh, comparatively equal mean 
annual temperature of, 246. 

Egypt, hieroglyphic manuscript from, 
inteipreted by astronomy, 89. 

Egyptians, the civil year of, 85. 

Elastic impact, the foundation of dy- 
namical theories, 357. 


ELLIPSES. 

Elasticity, property of, resisting <^m- 
pression, 105. 

Electric telegraphs, experiment sug- 
gesting the principle of, 323 ; con- 
struction of, 325-328. 

Electricity assumed as the medium 
attracting particles of matterf 103, 
104; identical with chemical affi- 
nity, 110; in composition and 
decomposition, subject to Ivtws of 
definite proportion, li2; influenc- 
ing, winds, 125 ; its comparative 
i velocity, 138 ; producing phos- 
phorescence, 217 ; communicated to 
metal plates by juxtaposition, 220 ; 
impressions tra(^ on glass by, 221 ; 
rays exciting, 223 ; a dual power, 
282; modes of exciting by disturbing 
equilibrium, 282-284 ; transmis- 
sion of, *284, 285 ; transmission by 
I induction, 285, 286 ; laws of atti'ac- 
j tion and repulsion determining in- 
tensity of, 286-288 ; heat and light 
produced by, 288; velocity of, 
289; experiment determining its 
velocity, 290; development of, in 
the atmosphere, 291, 292; phos- 
phorescence excited by,* 294 ; Vol- 
taic, see Voltaic; conduction of 
static, contrasted with Voltaic, 309 ; 
laws of action in, distinguishing.jt,^ 
from Voltaic, 317 ; relation 
tween polarized light and, 3^; 
experiment establishing its identity 
with magnetism, 322, 323; telqg 
graphs working by, 323-328 ; pro- 
duced by rotation, * 330, 331 ; 
# thermo; 332, 333 ; exact balance of 
its dual force, 334 ; points of 
analogy between magnetism gnd, 

I 340, 341 ; causing convulsions in 
comets, 375. 

i Electro-dynamics, see Dynamics. * 

I ma^etism, see Magnetism. 

I Elements, the three terrestrial mag- 
netic, 343 ; variations in, ib. ; 
storms affecting, 344^ 

Elevation, effect if, on temperature, 

I 240-242; on ve^tation, 
i Ellipses, described by plibets, 5; 

paths of planets describing, 10; 

I preventing comp^satiott of dis- 
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, ELLIPSOID. 

tqrbance, 15 ; cause and measures 
of variation in, 17; described by 
com^ 363, 366. 

Ellipsoid, an, of^ reyolution, mass as- 
suming the fomi of, 45 ; its equa- 
torial and its polar radios, 48; 
perfoanent axes of rotation, 76.* 

Elliptic motion, ratio of forces pro- 
curing, 382. ^ 

Elliptical polarisation of light, 192, 
193; of heat, 267. 

— nebulae, 409 ; their connec- 
tion with double stars, 411; fi'e- 
quency,413 ; difficult of resolution, 
415. 

Encke, Professor, sun’s parallax found 
by, 53 ; his comet, 169 ; aspects, 
period of his comet, 305, 366 ; 
cause of acceleration in its revolu- 
tion, 366, 367 ; crossing the ter- 
restrial orbit, 368 ; prospective and 
present planetary influence on, 369 ; 
disappearance of its tail and nucleus, 
369; referred to, 377 ; continction 
of diameter* ib. 

England, arcs of tlie meridiau mea- 
sured in, 48 ; course of the tidal 
wave towards its west coast, 94; 
peculiarities ofphotc^raphy in, 213; 
meteora falling in, 421. 

Engravings copied by photography, 
204 ; impressions t^eii by contact 
with iodized silver, 221 ; impres- 
sions taken from, by galvanism, 

£ 309. 

Epipolic light, 197. 

Epsil<m Orionis, zone of stars passing 
through, 385. | 

Equation of the centre, defined, 9; j 
lunar, 35, 

Equator, the, forces compelling the 
wider circle of, 6 ; inclination of 
the terrestrial to the plane of the 
ecliptic, 23 ; of the solar system, 
24 ; measure of the centrifugal force 
at, 49^; calcnlation fhym lunar ac- 
tion oa the terrestrial, 55 ; efibcts 

d uced by external attraction in^ 
Qg the direction of its plane, 
7% 80; inequality in its polar 
^pidtion, 81 ; cause of the calms at, 
122; deptl^ of the underground I 


ETHEREAL. * 

stratum of cdhstant temperature at, 
228; maximum of solar heating 
influence, 238; superficial extent 
of lan4> 244; mean annual tem- 
perature, 245. 

Equator of the sun, maximum of solar 
heat attained in, 225. 

, dynamic, surroundiDg the ter- 
restrial globe, 343. 

, magnetic, of the eartli, 343. 

Equinoctial circle, the, defined, 9. 

— points, effects of solar and lunar 
attraction on, 79; period of their 
revolution, 80^ measuring time, 
83. . * 

Equinoxes, tile, defined, 9 ; vernal, a 
point whence planetary motions are 
estimated, ib, ; of the planets, cause 
of a precession in, 66 ; causes pre- 
venting their invariable correspond- 
ence with points of the ecliptic, 79 ; 
precession aflecting the seasons, 80 ; 
secular motion perioflic varia- 
tions, 80, 81 ; eras depending on the 
precession of, 86, 87 ; tides aug- 
mented in, 97. 

Eras, astronomical, determined by the 
position of the major axis of the 
solar ellipse, 86, 87. 

Eratosthenes, the earth’s circu]nfer^ 
ence measured by, 49. 

Eridanus, nebulous patches crossing,* 
417. 

Erman, M,, depression of the baro- 
meter ob^rved by, 120. 

Eruptions, volcanic, recorded, 234, 

Eta Aqnilse, a variable star, 391. 

— — Argils, zone stretching from, 
390; nebula round, 418, 419.^ 

— Coronse, periodic time of, 39*8. 
Etna, measni^ents of, 120. ^ 

Ethereal medium, undulations of, 
propagating heat, 267; permeable 
to lines of magnetic force, 344 ; its 
density, 356 ; transniitting gravity, 
t&. ; magnetic, 356, 357 ; offices 
discharge by, 357 ; pervading the 
visible creation, 358 ; influence of, 
on comet motion, 365; astral 
revolutions accelerated by, 366 ; 
probable increase in density of, 
367. - 
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EUROPE. 

Europe, atmospheric wave passing | 
over, 121 ; causes of variation of 
climate in, 244 ; separation of ! 
isothermal lines in high .latitudes ' 
of, 245 ; differences of latitude en- 
joying the same mean temperature, 
246*5 indigenous productions of, 
249 ; number of indigenous pro- 
ductions 'common to Australia and, 
251 ; number of species of forest 
trees, 252. 

Eudoxus, Plato's contemporary, astro- 
nomical observation of, 88. 

Evaporation, conditions aifecting, 269, 
270. 

Evarest, Colonel, arc of the meridian 
measured by, 48. 

Excentricity of planetai'y orbits mea- 
sured, 17. 

Expansion, universal law of, 271 ; 
accuracy in measiii'ement ensured 
by laws of unequal, 272; of crystals, 
272, 273; theory of, 275, 277 ; of 
steam, 278; by electricity, 285. 

Extra-tropical winds, 124. 

Farricius, the comet of 1556 ob- 

^ served by, 370 ; variable star, 390. 

Fahrenheit, mode of ascertaining 
heights proposed by, 120. 

. Falling stars, 420 ; tlieorics of, 422, 
423. 

Fanulay, Dr., gases reduced to liquids' 
by, 1 05 ; experiments testing 
chemical affinity, 111; instance of 
cohesive force inducing chemical 
combination, 112; experiments on 
vibratioas producing colour, 173; 
influence of dialectrics, 286 ; chemi- 
cal origin of electricity defended 
by, 300; electro-chemical decom- 
position defined by, 308 ; remarks 
of, on conduction of voltaic elec- 
tricity, 309 ; experiments on mag- 
netic rotation, 313; experiment 
magnetizing polarized light, 318, 
319 ; importance of his experiment, 
320; experiment establishing the 
identity of magnetism and elec- 
tricity, 322, 323 ; his magnetic 
battery, 324, 325; aid given by, 
in construction of telegraphs, 326, 


KIXIRKNCE. 

328 ; electricity produced by rota- 
tory motion explained, 330; his 
classification of substances ^‘cord- 
ing to magnetic qualities, 332 ; 
quotation from, on conservation of 
force in electricity, *334 ; mag- 
netism raised to a new scienfe by, 
335 ; the magnet as represented by, 
338 ; experiment ^eteimining the 
forms of magnetic lines of,, force, 
339, 340; accidental electro-mag- 
netic combinations pointed out by, 
342 ; his discovery of diamagnetism, 
347 ; experiments on magnetic 
action in ci 7 stalsi 349 ; observa- 
tions on influence of heat in mag- 
j netism, 352 ; definition of gravity 
i questioned by, 354, 355; mag- 
netism of the ethereal medium 
tested, 356. 

Fauna, distinct, of separate regions, 
254,255.' 

Faye, his conception of the sun's 
constitution, 41 ; ^is theory of 
phenomena observed m eclipses, 42 ; 
comet of 1843 discovered by, 361. 

Fiedler, Dr., fulgorites exhibited bj', 
293. 

Fire, chemical combination producing, 
270. 

-- — balls, theory of, 421. 

Fires, central, subterranean, 231- 
237. 

Fish, phosphorescent, 294, 295 ; elec- 
tric, 310. 

Fixed stars. See Stars. 

Fizean, M., decisive experiment in 
proof of the undulatory theory of 
light accomplished by, 202. 

Flame, chemical combination evolv- 
ing, 270, 271. 

Flames, lambent, caused by elec- 
tricity, 294. 

divergent from the nucleus of a 

comet, 364. 

Fletcher, Mr., periodic time of y 
Virginis determined by, 398, 

Flora of the Himalaya, 250 ; distinct, 
in separate regions, 251; condi- 
tion establishing distmot, in islands, 
252. ' 

Florence, comet discovered from, 378. 
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irLUOR-Sl'AR. 

Fluor-spsir, its property of diniinish' 
ing refmngibility of light, 196. 

Fluorescenco of light, definition of, 
195; vibrations of the substance 
producing, 196 ; experiments, 197, 
198. • 

Focus^f a meteoric shower, 422. 

Fog, yellow, excluding the cliemical 
action of rays, 214. 

Forbe^ Professor, temperature of the 
boiling point ascertained. by, 120; 
observations of, on rayless lines, 
163 ; lunar heat tested by, 227 ; 
experiments of, in polarization of 
heat, 264, 207. 

Force, relation of, to heat, 275; 
transforming solids to liquids and 
to vapour,’ 275, 277 ; a power of 
nature, 279 ; light and heat modes 
of, 219, 220; heat a living, 329; 
lines of magnetic, 338, 340 ; con- 
servation of, maintained in periodic 
variation of atmospheiic magnetism, 
345 ; increatable, indes^uctible, 
353 ; examples of conseiwation .of, 
354 ; fundamental principle of con- 
servation, 357 ; influence and ac- 
tion of the giuvitatiiig, 424, 426. 

Forces, the unknown cause of motion, 

5 et passim ; counteraction of solar 
and tangential, in planetary motion, 
8; adjustment of, ensuring the 
permanence of the solar system, 11, 
12 ; three partial, causing perturb- 
ation in pljmetary motion, 14, 15 ; 
excess ot equatorial diameter the 
origin of, 27, 28 ; tiiree, disturbing 
lunar motions, 34, 35; detennin- 
ing planet forms, 44, 45 ; produc- 
ing Aes, 91, 92 ; combining to 
fmm the centrifugal, 100 ; acting 
on molecules of matter, 102, 105 ; 
producing capillary phenomena, 
114; latent, in nature, 279, 280; 
one universal power, the root of 
all, 321 ; exact balance of, in elec- 
tricity, 334; kindred and con- 
vertible, 353; developing comets’ 
tails, 376 ; determining the forms of 
orbits, 382, 383 ; maintaining the 
stability of the solar system, 426 ; 
mutual relations of, 427. 


FRICTlOlir. 

Forests, change produced in the at- 
mosphere hy, 241, 243 ; number 
of species of trees found in American 
and E^pean, 252. 

FormentS, quadrant of the ftieridian 
passing through, furnishing a unit 
of linear measure, 89. • 

Fornax, nebulous patches crossing, 
417. 

Forster, Lieutenant, conversation car- 
ried on by, across Port Bowen Har- 
bour, 136. 

Fossil plants, an evidence of change 
in temperature, 74. 

Fourrier, mean temperature of space 
according to, 119 ; rate of decrease 
in the earth’s central heat com- 
puted by, 232. 

Fox, Mr,, temperatures in mines 
tested by, 228, 229 ; law of pa- 
ramagnetic force ascertaineil by, 
338 ; observations in mines, prov- 
ing agency of electro-magnetism, 
346. 

France, arcs of the meridian mea- 
sured in, 48 ; unit of linear mea- 
sure in, 89 ; inode of arithmetical 
computation, 90 ; atmospheric 
pressure in, 120 ; cliffs of, seen 
from Hastings, 157. 

Fraunhofer, M., discovery of rayless 
lines in the solar si)eclrum, 162; 
comparative refrangibility of rays 
aseci'tained by, 163 ; data furnished 
by, to determine the dispersive 
j)ower of rays, 105 ; his discovery 
determining the length of waves 
independently of refraction, 201 ; 
spectrum of an electric spark Ob- 
served by, 289. 

Freezing, temperature Required for, 
under prassure, 271 ; theoiy of, 
276. 

Fresnel, M., his testimony in favour 
of the undulatory theoiy of light, 
171 ; of refraction, 183 ; 

discoveries in polarization of light, 
191, 193. 

Freyberg, green plants found in mines 
at, 253. 

Friction evolving heat, 274, 275; 
electricity, 282, 283. 
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FRINGES. 


Fringes of colodred light bordering 
shadows, 174, 175 ; produced by 
interference of polarized rays, 194. 

Fulgorites, found in Sile8iri||^93. 

Fundy, the Gulf of, cross tides pour* 
in||^nto, 94. 

Gage, Mr., experiments of, on mag- . 
neiism, 315. 

Galea. See Winds. 

Galileo, laws affecting music disco- 
vered by, 145 ; his method of 
finding distances of fixed stars, 388. 

Galle, Dr., Neptune’s place commu- 
nicated to, by Le Verrier, 62. 

Galloway, Mr., sun’s motion proved 
by, 405. 

Galvani, Professor, peculiar effects of 
electricity suggest to, 297. 

Galvanism, phenomenon suggesting 

■ the theory of, 297 ; batteries, 298, 
300 ; heat and light evolved by 
currents of, 300, 304 ; decomposition 
and composition, 307, 308 ; applied 
teiplaiing and gilding, 309 ; effect 
orteat on, 310 ; effect of, on the 
senses, t6, ; fish exhibiting ana- 
logous phenomena, 310, 311 ; 

phenomena exhibited by* currents 
of, on magnets, 312, 314 ; in- 
tensity of a current measuivd, 
315 ; conditions obtaining a cir- 
cuit in, 332. 

Galvanometer, the principle of its 
construction, 315; experiment by 
means of, identifying magnetism 
and electricity, 322, 323. 

Gambart, M., parabolic elements of 
a comet computed by, 367. 

Gamma Andromeda, colours of, 401. 

— p— Aqnar^i planetary nebula near, 
412. 


— — HydrsB, a variable star, 391. 

Leonis, focus of a, meteoric 
idio^r in, 422. 

Sagittarii, cluster of the Milky 
Way round, 387. 

— Virginis, eclipse in, 397 ; orbit 
of the revolving star determined, 
398. 



tidal wave at the mouths 


GOOD. 

Gardner, Mr., extent of diametrically 
opposite lands estimated by, 244.'. 

Gases, conditions retaining matter in 
the form of, 104, 105; combina- 
tions of, 111 ; transmission of 
radiant heat throngh,**258 ; expan- 
sion of, 271 ; voltaic spQctruih 
modified by, 303; effect of heat 
on the conducting powers of, 
309. • 

Gassiot, Mr., experiments of, on file 
electric discharge, 306; connexion 
between magnetism and light dis- 
covered by, 321 ; electric apparatus 
improved, 328. 

Geneva, the Lake of, experiment on 
the velocity of sound in, 135, 

Gensanne, M., increasing temperature 
of mines tested by, 228. 

Geographers, lunar motions import- 
ant to, 42. 

Geological changes, probable cause of, 
77. 

Geology, the lessons of, 326. 

Georgia Island, S., excess of cold in, 
over corresponding latitudes, 241, 

Germany, shooting stars seen from, 
421. 

Gibraltar, the Straits of, turning . 
aside the tidal wave, 98. 

Giromagny, temperature of tht lead# 
mines of, 228. 

Glass, eScet of cohesion on^jdntef bf, 
106 ; musical notes elicite4^:^m 
rods and plates of, 144-147^$- ti^OS- 
mission of waves of lighk^^^ 177 ; 
polarizing light, 184, ellip- 
tical polarization produced by, 193, 
194; U8e<i in photography, 207; 
impressions on, from biodR in con- 
tact, with, 220; impressions on, 
traced by eleGtriii||^^ 221 ; trans- 
mission of radMini heat by, 259; 
by coloured, 261 , 262; its temper 
altered by magnetism, 382/853. 

Globular clusters of nebulffi, 413- 
415. 

Glow-discharge ■ observed by Captdn 
Bonnycastle, 295; 298. 

Gold, action off on light, 173. 

Good Hope, the Cape' of, iochergs 
drifltod to; tOl. 
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GOODItlCKB. 

Dbodrlcke, Mr., rariable stars dis- 
obWred by, 391 ; opaque bodies re- 
presented ns revolving round fixed 
stars by, 394. 

Graham, Mrs., account of an earth- 
quake by, ^34. * 

Graham’s compensation pendulum, 272. 

Gravitating force of the sun, 365, 
424, 425. 

Gravitation, oiBces of, in the material 
creation, 1,2; process of reasoning 
in ascertaining the law of, 3 ; law 
determining its intensity in the 
soiar system, 5 ; complex action of, 
by attraction in mass and in par- 
ticles, 6 ; increase of, towards the 
poles of the earth, 45 ; calculations 
founded on its increase, 49-51 ; in 
a mine, its excess over surface, 57 ; 
action of, modifying tides, 92, 93 ; | 
law, universally acting on matter, 
105 ; the aiw subject to, 117 ; in- 
fluence of, in motions of the hea- 
venly bodie^ 382, 383; double 
stars revolving by, 3118 ; stellar 
systems subject to, 400 ; influence 
oi*, on uebulae, 416 ; a general law 
of the viable creation, 424 ; mode 
of its action, 425, 426. 

Gravity, centre ofj in spheres, effect 
of impulses passing through, 7 ; of 
the solar system, invariable plane 
passing through, 23 ; straight line 
described by, 24 ; action of, in deteri 
mining the figure of the earth, 44, 
45; definition irreconcilable with 
the conservation of force, 354, 355 ; 
question of its tiansroission, 355, 
356. 

Great Bear, tly» nebulous zone passing, 
41G. 

— Gobi, the, effect of the expansion 
of air over, 124. 

Greeks, astronomical observations of, 
confirming results of analysis, 38. 

Greenland, ocean on„ the northern 
coast of, 94. ■ 

Greenwich, lunar distances computed 
for, 43 ; quadrant of the meridian 
pa^ng through, famishing a unit 
of linear measure, 89 ; periodic 
cii-cuite of winds, 125. 


HARB. 

. Grimaldi, coloured fringes bordering 
shadows described by, 175, 

Gmombridge, velocity of his propfr 
motion,. 404. 

Grotthus, the transmission of voltaic 
electricity investigated by, 298, 

Grove, Mr., copper and zinc plates 
electrified by, 220 ; substances ra- 
diating heat of diffei-ent refrangi- 
bilities enumerated by, 257 ; the 
transmission of voltaic electricity 
investigated by, 298 ; electric heat 
tested by, 301, 302; remarks of, 
on carbon, 302, 303 ; on the vol- 
taic arc, 304, 305 ; remarks of, on 
light and heat, 319 ; electric appa- 
ratus improved by, 328; his de- 
finition of the ethereal medium, 
355. 

Orylli, supposed delicate sense of hear- 
ing in, 132. 

Guanaxato, temperature of the silver- 
mine of, 228. 

Gulfs separating stars, 390. 

Guin-guaiacnm, chemically affected by 
rays of the ft>lar spectrum, 203; 
condition of its sensibility to light, 
206 ; effect of red rays on, 209 ; 
used in experiments on parathermii; 
rays, 217, 218. 

Gum-lac, electi'ical intensity measured 
by meiins of, 286, 287. 

Gymnotuselectricus, the, 310, 

Haidinger, M., experiments of, 
proving water an essential part of 
crystals, 107. 

Hail, formation of, 270. 

Hales, his calculation of the amount 
of surface exposed by the leaves of 
a heliauthus, 243. 

Hall,^r., achromatic telescope con- 
structed by, 165. 

Halley, elements of a comet's orbit 

, computed by, 362 ; return of his 
comet, 363 ;* changes in its aspect, 
363, 364; records of, 365; no 
solid nucleus in, 374; cause of its 
luminous sectors, ^76; Sir John 
Herschel’s Cbsenrations on,-378. 

Hare, the, comet observed ucar, 372, 
373, 
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HABMOXICS. 

Harmonics of Uie. fundamental note 
in music, 140, 141, 

IJaimony, property of sound regu- 
lating, 131 ; definition pf, vibra- 
tions producing, 142. 

Harris, Sir William Snow, experiments 
of, in electricity, 287, 288 ; light- 
ning-conductors invented by, 293. 
Harrisoii, pendulum invented by, 272. 
Hastings, coast of France distinctly 
seen from, 157. 

Heat atfecting the form of crystals, 
107 ; evolved in chemical combi- 
nations, 110; irregular decrease 
of, ill the atmosphere, 119; maxima 
of, ill the solar spectmra, 215; 
peculiar chemical quality of, in 
parathermic rays, 218 ; impressions 
traced by, 220-222 ; periodical 
variations in the sun\s, 225 ; dif- 
; ferent proportions of solar, reaching 
the planets, 225, 226 ; effect of 
the terrestrial atmosphere on lunar, 
227 ; mode of its development in 
opaque bodies, i6, j sources of ter- 
restrial, 228-238 ^irregular distri- 
bution of, 239-247 ; laws affecting 
its radiation, 257 ; its transmission, 
258-262 ; polarization of, 264- 

267 ; undulatory theory, 267 : ab- 
soi'ption and reflection of radiant, 

268 ; phenomena caused by ra<lia- 
tion of, 269 ; accumulation of, pro- 
ducing light, 270 ; expansive force 
of, 271, 272 ; modes of propaga- 
tion, 273, 274 ; produced by mo- 
tion and equivalent to it, 274-277 ; 
laws regulating the force of arti- 
ficial, 279, 280 ; power evolved by 
application of, 280 ; identical in 
nature with sound, 281 ; electrical, 
288; sheet-lightning caus^ by, 
294 ; phosphorescence, 294 ; de- 
veloped by voltaic electricity, 301, 
302 ; effect of, on electrical con- 
ductors, 309 ; connexion between 
the pr^uction of electricity and, 

/ 310 ; its direct relation to mag- 
netism and electricity, 319, 320 ; 
mechanical power and convertible 
forces; 329 ; terrestrial magnetism 
attributed to the action, o^ 333 ; 


HJSBSCIIKL. 

measm^ by electric current^ 334 ; 
affecting atmospheric magnetism, 
344 ; fundamental principle of tlie 
dyn^ic theory, 357. 

Helena', St., distinct flora of, 252. 
tielix, circulai' and elliptHal, described 
in polarization of light, 192p l93 ; 
electrical experiments by means of, 
314 ; induction of, increasing elec- 
tric power, 322, 323. ^ 

Heller, his observations on the comet 
of 1556, 370, 371. 

j Helmholtz, Professor, power of che- 
j mical force estimated by, 1 12.; his 
I calculation of the chemical force 
j developed by combustion, 278 ; of 
the amount of latent force in our 


. system, 280. . 

Hemisphere, cause of excess of cold in 
the southern, 241 ; supcrficinl ex- 
tent of land in northern and south- 
ern, 244. * 

Henley, 3fr., magneto- electric ma- 
chine constmeted by, 325. 

Henderson, . Professor, pamllax of 
« Centauri* calculated by, 387 ; of 
Sirius, 389, 

Henry, Professor, experiments of, on 
magnetism, 315. 

Hera path, Mr., his view’ of elutic 
force* preferred to t Sir TT|y|ri|i|ij|i 
Davy’s, 276. ■ 

Hercules, eclipse of a double star in, 

» 398 ; globular nebulous cluster, 
414. 

Herschel, Sir William, observations 
of .Saturn’s and Uinnus’s satellites 
by, 32, 33; theory of, regpdii| 
the solar constitution, 41; 
of effects of light m eClip 
cording to, 42 ; rotation of , 
satellites determined by, j 
tual independence of lign*'* 

214, 215; influence 
spots on heat, f ‘ “ 
mum heat in 


263 ; come 
374; its feiii 

min^ Ibe Milky ^ . . 
mintd bjr;>385 $ his discovery, of 
motions of double stars, 
3#; catologui of dbuble stars by. 
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395, 396 ; peri(Hlic time of y Vir- 
ginis detenpiued by, 398 ; eclipse of 
a double star observed, ib, ; binary 
system discovered, 400 ; remarks 
on the mqjbions of the stars, 405; 
nebula) 'resolvable into stars, 507. 

H erscffel. Sir John, approximatfe periods 
of satellites ascertainod by, 33; 
thickness of Saturn’s ring computed, 
<67 ;• observations of, on seasons, 
74 ; difficulty of varying time, in 
observations at distances, obv hated 
by, 86; tenuity of atmospheric 
air demdnstrated, 110; rapid de- 
crease of density in the atmosphere, 
118; mean t^peratnre of space 
computed by, 119; height of Etna 
measured, *120; his explanation 
of anomalies in atmospheric phe- 
nomena, ib. ; quotation from, on 
the transmission of sound, 136 ; 
observ«ations of, on thunder, 138; 
remarks on the absorption of light 
by coloured m<'dia, 175, 176 ; on 
polarlzatioi^ of light, 179; experi- 
mentalising apparatus, 188; dis- 
covery of epipolic light, 197 ; dis- 
coveries in photography, 205, 206 ; 
analysis of the solar spectrum, disco- 
very of its chemical properties, 207- 
219 ; his theoiy of volcanic action, 
235-237 j observations showing the 
maximum of heating influence of 
the "solar mys, 238 ; theory of the 
original distrilnitioa of plants, 254 ; 
divergent flame of a cornet observed 
by, 364 ; remarks on the possible 
destruction of the solar system, 
372 ; causes assigned by, for con- 
traction of diameter in comets, 
378; comparative lustre of stars 
measured by, 384, 385 ; the Milky 
Way described, 385, 386 ; num- 
ber of stars in a group of the 
Milky Way computed, 387 ; va- 
riable star discovered, 391 ; re- 
marks of, on the nature of the ! 
fixed stars, 392; variable stars 
disix^ored by, 393; remarks on 
vm-iaole stare, 394 ; star missed 
by, 395; double stare discovered, 
390; eclipse of a double star ob- 


HORizosr. 

served, 397 ; orbits determined, 
398, 399 ; observations on colours 
of double stars, 401 ; light of 
ft Centauri compared with the 
moon’s by, 404 ; light of the fixed 
stars calculated, ib, ; observations 
on nebula) correcte»l, 407 ; cata- 
logues of nebulae, 408 ; nebula' 
discovered by, 409 ; annular nebula 
described, 410 ; magnitude of plane- 
tary nebulae computed, 412 ; glo- 
bular nebulous cluster described, 
413 ; law of gravitotion ascribed 
to nebuIfB, 416 ; nebula round 
n Argus described, 418 ; his work 
on NebulflE:, 419. 

Ilerschel, Miss, Encke’s comet seen by, 
365 ; catalogue of nebula;, 407. 

Hevelius, divergent flames of a comet 
described by, 364 ; contraction in 
diameter of comets observed, 377 ; 
phases in comets observed, 380. 

Hieroglyphics interpreted by astro- 
nomy, 89. 

Himalaya, the, inappreciable effect of, 
on the globe’s surface, 6 ; singtilar 
efl’ect of refraction on, 156 ; cause 
of greater elevation of the snow- 
line on the northern side of, 241 : 
flora of, 250. 

Hind, Mr., comet’s orbit computed* 
by, 370, 371 ; observations of, on 
Donati’s comet, 379 ; variable stars 
discovered by, 391 ; vaiiishing star 
discovered, 393 ; his belief in 
planetary systems, 394. 

Hindostan, the tidal wave striking on 
its coasts, 94. 

Hipparchus, precession discovered by, 
change of seasons since his age, 80 ; 
phenomenon suggesting his Cata- 
logue of the stars, 392. 

History corroborate and corrected 
by astronomy, §7, 89. 

Hoar-frost, cause of, 269. 

Holtzman, M., opinion of, with re- 
gard to the vibrations of polarized 
light, 223. 

Hooghly, the, bore of, 94. 

Horizon, effects produced by the 
denser stratum of air in, 157^ 
158. 
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HOROLOGIUM 

Uoiologium, nebulous patches in, 417. 

Horton coal-mine, experiments iiith 
the pendulum in, 57. 

Hours, cause of their mal-eorrespond- 
ence o^ ei the globe, 86. 

Hudson’s Hay, tide in, 98. 

Humboldt, his suflenngs from ranty 
of the atmosphere, 118, his expla 
nation of the apparent greitei 
acuteness of hearing observed at 
night, 135 , observations of, in 
mines, 228 , causes of distuibance 
in the equal diffusion of heat enu- 
meiated by, 240 , identical pi o luc- 
tions of the Old and ^ew World 
found b\, 2ol , his distribution of 
palms and gias-ses, 252 , green 
plants found growing in minis b}, 
253 

Hunt, Mr, coloured image of th 
solar spe( trum obtained by, 200 , 
image obtained in Lnglind, 211, 
his experiments in tru^ing imagts 
by juxtaposition of bodies, 220, 
221 , exptriments on the condensing 
power of rays, 22 ^ 

Huiricanes, oiigin and cause of, 125, 

1 26 , curve desenbed by the axis of, 

, their extent and velcxity, 12b, 

127 , phenomena resulting fiom 

• then I evolving motion, 127, laws 

of, making avoidance posMblt, 128 

Hujgens, theory originated bj, 169 

Hydrogen, piopoition of, in watu and 
gisec, ill, spectium tioin, 
separated fioin water by ehctiicity, 
307 

Hygiometer, dew point measund by, 
2b9 

Hyperbolic motion, ratio of foices pio- 
cuting, 382 

Iapbtus, seen by Mr I assell, 33 

Ibn Junis, progiesn of science in his 
time, 90. 

1(6, formation of, ?71 , force acting 
in its formation, 27 b , stopping the 
•cunent of voltaic electricity, 309 

Icebeigs, drifting of, 100, 101, fhr 
thest range of northern and8outhem,< 
241 , effect of electricity in colli- 
sions, 284. 


iprA 

Iceland spai, its pioperty of double 
refi ictioii, 181 , polarized ray ana- 
lyzed b}, 187, tiansmission of ra- 
diant heat by, 258 , electricity 
elicited fiom, 284 i 
Illumination, compaiatixc, of objects, 
expel rnients detei mining, 227 
Images, coloured, of the solar spec- 
tium, 208-211 , trace 1 by contict 
and juxtaposition of bodn4, 219, 
220, byekctncitv, 221 , by media 
absorbing hot lajs, 222 
India, arcs of the meiidian measiireil 
in, 48, dis(H)veivof bituin’s iing, 
bb, ancient monument of astio- 
nomicil knovv]ed2;e, 85, observa- 
tions conhrming the antiquity oi 
astionomual science m, 88 „ 

Indi in Ocean, the tidal wav e in, 94 
monsoons blowing ox or, 1 24 
Induction, law of, m eleeti u it) , 28 ), 
286, magnetic, 314, 31 phe 
nomena ot, pi od need by electric 
cunents, 324, illustrated by the 
Atlantic telegiaph, ^25, 326; ve- 
locity of electricity modiBed by 
powei of, 327 , possibility of elect! o, 
furnishing a motive power, 328 , of 
electricity by rotation of magnets, 
330-332 , as possessed by magnets, 
136, paiamagnetism evolved bj, 

337, means of accehiating, <6 , 
subject to the laws of meehanics, 

338 , in ilogy between cleotnc and 

magnetic, 341, ofhtavenlj bodiei>a 
ai!e( ting ten csti i il magnetism, 34^ 
347, dnniagnetic substances tip 
palle of, 348 / 

Indus, comet passing thiouglf^^ciinM 
stell ition of, 379. ^ 

Inequality, the, of JupiterjiU^m 
marking histoncal epoclAjwir- 
Insects, law of their dist^slitNli^ 455. 
Instruments, musical, -1^^14^150 ; 
imitating articulationf of letfeis, 
151, 152. 

Insulation m electriciiy, 2^5. 
Interference, laws of, iBMjjMbing un- 
dulations, 138, l3$3Sif'i^ry of, 
referred to a lo9 

Iota Cete, oopiMfl mrred near, 372 
— > Oriono^lNlbolous star, 411. 
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IBELAND. 

Ireland, progi^ess of the tidal wave 
towards, 94. 

Iron, distilled, 305 ; rotation of its 
particles, t6. ; magnetized by elec- 
tricity, 314, 315; ma^etic pro- 
pertip of, 332 ; rendered paramag- 
netic 336, 337 ; magnetic and 
electric properties of, 347 ; elasticity 
of, affected by magnetism, 352. 

Islandsf characterof th^ij: floras, 252. 

Isogeothermal lines of temperature 
d^flned, 238, 239; parallel with 
the isothermal lines, 246. 

Isomorphons crystals, 109. 

Isothermal lines of temperature de- 
fined, 240 ; latitudes of, deviation 
from the line of the equator, 245 ; 
formula determining, 246 ; simi- 
larity of vegetation in the same, 
253. 

Italy, local attraction, occasioning in- 
accuracy in measurement, 48. 

Ivory, M., his method of computing 
heights, 120 ; his4hcoretical inves- 

. ligation of planet forms, 44 ; deduc- 
tion from measurement of arcs of 
the meridian, 48. * 

Jacob, Mr., discovery of Saturn’s 
ring by, 66; periodic time of « 
,Centnuri deU'rmined by. 399 ; pe- 
riodic time of 70 Ophiueni, 400, 

James, Colonel, measurements of, in 
the General Survey of GreatHribiin, 
47 ; density of the earth determiiml 
by, 58. 

Jamin, M., remarks of, on substances 
producing el 1 iptical polaiization, 1 93. 

January, H^eh of its beginning the 
year, 85. 

Jews, denominations of time in their 
calendars, 85. 

Josejphstadt, discovery of a comet 
finm, 367. 

Joule, Mr., Heat considered a mecha- 
nical force by, 275 ; his view of 
elastic force, 276 ; amount of latent 
force in a pound of coal, computed 
by, 278 ; furnishing data to Pro- 
fessor Thomson, 279 ; quantity of 
heat generated in a unit of time by 
el^tri^y computed by, 302 ; power- 


- JUPITER. 

All magnet obtained by electricity, 
31^ electric machines constructed 
by,- ^8; experiments proving heat 
and mechanical power convertible, 
329. 

Jovial system, mass of the whole, 55. 

Julian Calendar, year of, the first of 
our era, 86. 

June, 1833, reappearance of Saturn’s 
rings, 67 ; coincidence of times in, 
84. 

Juno, the diameter of, 56; astrono- 
mical tables of, 63. 

Jupiter, rotation of, distinguished from 
the other planets, 7 ; periodical 
inequality in his motions, f5 ; dis- 
covery of telesc«>pic planets between 
Mars and, 20, 21 ; diameter of, 21 ; 
his position with respect to the 
equator of the solai* system, 24 ; 
inequalities in the motion of, appa- < 
rently anomalous, 25, 26 ; his 
mass proved not homogeneous, 
29 ; eclipses, 30, 31 ; compres- 
sion of his spheroid computed, 
39 ; eclipsed by Mara, 42 ; mass of, 
compared with the sun, Ss ; his 
diameter, 56 ; increase of density 
in, 58 ; astronomical tables of, 60 ; 
rapid rotation, 66 ; period of a year 
in, t6. ; effect of his disturbing 
energy, 81 ; photographic images 
of, 226; light reflected by his at- 
mosphei’e, 227 ; action of, on the 
comet of 1770, 361, 362 ; on Hal- 
ley’s comet, 362, 363 ; comet re- 
volving between the orbits of the ' 
earth and, 367 ; future influence of, 
on comets, 369 ; comet nearly ap- 
proaching his fourth satellite, 370 ; 
comets having their perihelia in his 
orbit, 381. 

, orbit of, revolutions of its major 

axis, soui^ of variation in excen- 
tricity, 17 ; slow revolution of its 
nodes, decrease in its inclination to 
the ecliptic, 19. 

— with his satellites, an epitoihe 
of the solar system, 27 ; effect of 

i his excessive equatopal diameter 
on their orbits, 28 ; satellites, libra- 
tion in, 69 ; rotation of> 70.‘ 



600 


PHYSICAL SCIENCES. 


KANE. 

Kane, Di*., Polar Sea discovered by, 

.94; cold of Northern Gr^nland 
marked by, 247. • 

Kappa Ci iicis, cluster of coloured stars 
round, 419. 

Draconis, seen in the pole of the 

equator, 88, 89. 

Karsten, Mr., impressions made on 
glass by electricity, 221, 

Kasan, summer and winter mean tem- 
.perature of, compared witli Edin- 
burgh, 246, 247. 

Kater, Ca])tain, approximate length of 
the jHindulum, determined by, 89. 

Kempelen, M., speaking-machine in- 
vent^ by, 151. 

Kepler, paths, revolutions of planets 
discovered by, 5 ; his law regarding 
the mean distances of planets from 
the sun, 19 ; law of, applied to cal- 
culating distances, 53, 54 ; rapidity 
of planetary revolutions detcnnined 
by his law, 66; his law finding 
areas described by heavenly bodies, 
refeiTed to, 360. 

Kew, balloon ascent from, 119.* 

Knoblauch, position of the magne-- 
crystallic axis proved by, 349. 

Knowleilge, limited nature of human, 2, 

Kotzebue, stratum in the ocean dis- 
covered by, 101, 

Kratzenstein, M., instrument invented 
by, articulating words, 151, 

Knpffer, M., observations of, on tem- 
perature, 246. 

La Basilicata, earthquake in, 234. 

La Grange, his investigations into the 
stability of the solar system, 20, 
21 ; greatest discovery of, 23. 

La Hire, phases in comets observed 
by, 380. 

La Place, stability of the solar system 
praved by, 20 ; princifllK in astro- 
nomical calculations established, 
23 ; angle of inclination fixed, 
24 ; his theory accounting for , ac- 
celeration in the moon’s meanl^o- 
tion, 36, 37 ; result of observations 
compared ^ith his theory of Ju-i 
pitei*’s satellites, 55; theory of 
planetary motion, 65, 66 ; universal 


LATITUDE. 

epoch proposed by, 87; scientific 
observations complementing his* 
torical records, 87 ; date fixed by, 
for the lunar tables of the Indians, 
88; justifies Newtov’s theory of 
tides, 96 ; density of a liquid column 
estimated by, 114; action of the. 
earth, on a comet, 359 ; changediija 
comet’s orbit, 36J ; cause of error 
in Clairau^s calcination poil1^led out 
hv, 363 ; opinion of, as to the comet 
of 1682, 378, 

Lake of the Gazelles” ascribed to an 
effect of reflection, 157. 

Lalande, epochs of conjunctions com- 
puted by, 42. 

Lambda Herculis, general motion of 
tile stars determined by, 405. 

Land, dry, comparative extent Cif, on 
the globe, 242, 244 ; extent ot^ in 
diametrical opposition, 244. 

Landscapes in chiaroscuro, produced 
by photography, 207. 

Languages, resemblances and analogies 
between, 255, 256. • 

Lapland, arcs of the meridian measured 
in,’ 48 ; transit of Venus observed 
in, 53. 

Laroche, M., his experiments on trans- 
mission of radiant heat, 259, 261. 

Lassell, Mr., satellite of Saturn dig- 
covered by, 32 ; observations of, on 
Uranus’ satellites, 33 ; his discovery 
of Nd)>tunc’s satellite, ib . ; observa- 
tions on Saturn’s rings, 66. 

Latent heat, energetic action of, or; 
matter, 275-277. 

Latitude, the, of a planet defined, 
mode of obtaining, 9, 10% cause of 
periodical inequalities in, 15 ; per- 
turbations from action of the pei*- 
pendicular force, 18 ; moon’s mo- 
tion in, disturb^, 35; effects of 
disturbance, 88; data of, used in 
computing a planet’s ^lace in the 
heavens, 58-60; conditions ensuring 
the invariability of geogi’aphical, . 
76, 77 ; change effected by nutation 
in, 81 ; climate not invariable in 
the same, 239 ; degrees of, where 
diminution of mean heat is most 
rapid, 244, 245; the same mean 
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LAYANG. 

temperatare in different^ .246} 247 ; 
of wine-growing, 250; magnetic 
storms varying with, 345. 

Layang, observations made at, 1100 
years befoi^ the Christian era, 88. 

he Sueur, specific diversity of marine 
aniiffals observed by, 254. 

Le Verrier, M., principle of La 
Grange applied by, 21 ; zone of in- 
stability found, ib\ ; discovery of 
Neptune, 62.; his obser^tions on 
atmospheric waves, 122 ; comets 
identified by, 362; his table of 
comets’ orbits, »6. 

Lccaille, his globular nebulous cluster, 
414 ; nebula, 418. 

Lenticular nebula, 409 ; .hjize sur- 
rounding the sun, 412. 

LcoHlebulous system in, 417. 

Leon-Faucault, M., velocity of light 
in air and water ascei'^iiued by, 
202 . 

Leriiis, banks of alga found by, 253. 

Jaslie, Professor, compression of air 
calculated by, 78 ; experiments on 
radiation of heat, 257. 

Lexel, observations of, on tlic comet 
of 1770, 301, 362. 

Libra, the five great planets iji con- 
junction near, 42. 

Librations of tlie moon, of Jupitei-’s 
satellites, 69 ; of a Centauri, 399. 

Lichen, red, growing on snow, 249. 

Light, rate of its velocity, 31 ; truth 
deduced from the uniformity of its 
Velocity, 32; from the aberration 
of, ib, ; period required to reach the 
earth from » Centauri, 54 ; action 
of the atmosphere on, lf)3 ; con- 
ditions regulating the transmission 
and reflection of, 156 ; loss of, 
ti'ansmitted by the horizontal stra- 
thm, 157 ; effects of transmission 
through the atmosphere, 158 ; New- 
ton’s analysis of, 159 ; Brewster’s, 
161 ; phenomena disproving New- 
ton’s theory, 167,168 ; undulatory 
theory, 168-170 ; conditions af- 
fecting its intensity and colour, 
170 1 experiments testing the mu- 
tual relations of colour and, 171- 
175 ; law of its absorption identical 


LIQUIDS. . 

with a law of motion, 175-177 ; 
repeated vibrations pjoducing the 
sensation of, 178; polarized, de- 
fined, 179 ; modes of ])olarization, 
substances polaiizing, 179-185 ; ac- 
cidental polarizatioif of, 195; de- 
graded, or fluorescence, 196 ; objec- 
tions to the undulatory tlieory 
analyzed and disproved, 199-202 ; 
comparative velocity of, in air and 
water, 202 ; pictures produced by 
reflected, 203-207 ; rays of, inde- 
pendent of heat, 214, 215; coin- 
pamti VC amounts of solar and lunar, 
225 ; different measures of illumina- 
tion from, 227 j influence of, on 
vegetation, 249 ; colour developed 
without the influence of, 253 ; se- 
parated from heathy Melloni, 265 ; 
produceil by accumulation of heat, 
270 ; law reg«ilating the force of 
artificial, 279, 280 ; electrical, 288, 
289; produced by voltaic electri- 
city, 302 ; stratifications of the 
electric, 306 ; influence of mag- 
netism and electricity on, 319, 320 ; 
of comets, 379-381 ; of tlie fixed 
stars, 401-404, 

Lightning, development of heat ex- 
hibited by, 276, 277 ; experiment 
showing the velocity of, 289 ; 
theozy of, 292 ; the back stroke, ib . ; 
force of the direct sti oke, 293 ; 
sheet, 294 ; effect of, on the com- 
pass, 312. 

Lime, carbonate of, variety of form 
in its crystals, 107 ; invariable form 
ultimately assumed by, 109. 

Lines of magnetic force, 338, 339 ; 
experiment ascertaining the foim of, 
339, 340; terrestrial, 341, 342; 
extensive courses of, 344; a con- 
nected system, 345; diamagnetic, 
348. 

Lion, the, conjunction of planets in, 
42. •' • 

Liquids, balance of forces constituting, 
104, 105; action of capillary^ at- 
traction on, 113-116. 

possessing the property of dN 
cular polarization of light, 190, 
191-193. 
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LIQUIDS. 

Liquids, conditions affecting the trans- 
mission of radiant heat by, 263 ; 
evaporation from, 269; expansion 
of, by heat, 271 ; propagation of 
heat in, 273 ; action of heat as a 
mechanical force on, 275-277. 

London, retarding of the tidal wave 
between Abei-deen and, 94. 

-A-., pendulum vibrating in its lati- 
tude,’ a standard of measurement, 
89 ; fulgorites exhibited in, 293. 

Long, Dr., his attempt to measure 
distances of fixed stars, 388. 

Longitude, mode of reckoning mean 
and true, 9 ; of the perihelion and 
of the epoch defined, 10 ; cause of 
periodical perturbations in, 14 ; 
calculation from the moon*s influ- 
ence on tlie sun’s, 55 ; data of, used 
in computing a planet’s place in 
‘the heavens, 68-60 ; change effected 
by precession and nutation in, 
81. 

Lloyd, experiments of, in polarization 
of heat, 264. ^ 

Lubbock, Sir John, theory of plane- 
tary motion completed by, 64 j his 
theory of shooting stars, 423. 

Lumi^re cendre, definition of, 227. 

Lunar distance, defined, 43. 

— theory, mean distances obtained 
from, 43. 

tides of the terrestrial atmos- 
phere, 121. 

Lundahles, M., motions of heavenly 
bodies investigated by, 405. 

Lupus, position of, 390. 

Lussac, Gay, M., uniting of gases by 
volumes discovered by, 111 ; ascent 
of, in a balloon, 118 ; course of 
a lightning flash ascertained by, 
*292. 

Lutetia, diameter of, 56. 

Lyell, Sir Charles, his theory of 
changes of temperature in the 
northirn hemisphele, 75; annual 
number of volcanic eruptions com- 
puted by, 233 ; volcanic pheno- 
mena related by, 234. 

Lyncis 12, a triple star, 395. 

Lyra, a variable star in, 391 ; a 
double star, 395 ; nebula, 410. 


MAGNETO. 

Machinery, relations of, to force, 
353. 

Mackintosh, Sir James, quotation from, 
illustrating the essential advantages 
of study, 1. , 

Maclear, Mr., parallax calculated bv, 
387. ' ’ 

Madeira, vegetation of, 252. 

Madras, Saturn’s ring discovered from, 

66 . 

Magnecry^tallic . action, 349 ; tem- 
perature affecting, 352. 

Magnetic bodies, difference la’ power 
of, 347. 

elements, the three terrestrinl, 

343. 

equator of the earth, 343. 

■■ — meridian, the, mean action of 
forces determining, 343. 

poles of the earth, 343. 

— — storms, 344 ; varj’ing with lati- 
tude, 345, 346. 

Magnetism, source of, 318 ; producing 
electrical phenomena, 322, 323 ; 
rotatory ’motion a source of, 330 ; 
classification of substances, with 
regard to their susceptibility of, 
332; residing in subsmees after 
two manners, 335 ; experiment il- 
lustrating the forces of, 338 ; anti- 
thesis, its general character, 339 ; 
form of its lines of force, 339, 340 ; 
analogous properties of electMty 
and of, 340, 341 ; terrestrial, ^42- 
347 ; connexion between solar and 
terrestrial, 344 ; action of, in 
ciyatals, 349-351 ; influence of 
temperature in, 352 ; affecting elas- 
ticity of matter, 352, 353 ; a pro- 
perty of the ethereal medium (?), 
356, 357. 

, electro, discovery, importance of 

the science, 312 ; rotation effected 
by, 313, 314; electiio intensity 
measured, 315; action of currents 
in, defin^, 316; Ampbre’s theory 
of, 317, 318 ; causing rotation of 
polarized rays, 319; action of, 
on light, 320 ; accidental combina- 
tions, 342 ; influencing metallifer- 
ous deposit^ 346. 

Magneto-electricity, principle suggest- 
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MAGNETS. 

iiig, 322 ; machine constructed on 
the principler of, 325 ; relation of 
heat to, 329. 

Magnets, iniluenoe of, on electric light, 
307 ; fish Dossossing the power of 
making, 3x1 ; efiect of an electric 
stream on, 312-314; obtained by 
electricity, 315 ; power of electro, 
measured, 315 ; cylinders acting as, 
310,9 317; producing electoical 
effects, 322, 323 ;* evolving eleo 
tricity by rotation, 3«30 ; classifica- 
tion of substances in relation to, 
332 ; polarity a property of, 336 ; 
efiect on tliemselves of impai'ting 
paramagnetism, 337 ; experiment 
showing the lines of foilie of, 338 ; 
properties of, indestructible by sub- 
division, 338, 339 ; the earth 
Reckoned among, 342 ; planets 
reckoned among, SI46 ; action of an 

. electro, on copper, 351. 

Maguire, Captain, his observations on 
magnetic storms, 345, 346. 

Malo, St., rising of the tide at, 98. 

Malus, M., discovery of polarization 
of light by, 195 ; attempts of, to 
polarize heat, 264. 

Malta, observations on Saturn’s rings 
made at, 66. 

Manchester, thunderstorm near, in 

♦ 1835, 292, 

Mankind, distinct tribes of, 255 ; 
limited perceptions of, 267. 

Marcet, M.; rat*- of increase in tem- 
perature below the earth’s surface 
calculated by, 230. 

Mai*co Polo, atmospheric cfiects ob- 
served by, in ascending mountains, 
118. 

Mai’ine plants, laws regulating their 
distribution, 252, 253 ; animals, 
speci^c localities of, 254. 

Mariner’s compass. See Compass. 

^lars, used in illustrating the possible 
efiects of the radi:il distiibuting 
foi-ce, 19 ; telescopic planets be- 
tween Jupiter and, 20, 21 ; diame- 
ter of, 21 ; mean distance iwm the 
sun, ih, note; eclipse of Jupiter by, 
42 ; parallax found- by observing 
his oppositions, parallax of, 53 ; Id- 


medium. 

temal structure, 58; astronomical 
tables of, 63; climate of, 225; 
approach of the ‘comet of 1770 to, 
362; comets having their peri- 
helia in his orbit, 381. 

Marseilles, transit of a comet across 
the sun observed from, 374. 

Masses, of the sun, of planets and 
tlicir satellites, computations fmd- 
ing, 55, 56. 

Mathematics, use of, in the study of 
astronomy, 2. 

Matter, theory of its constitution, 
102 ; hypotheses as to forces unit- 
ing its particles, 103, 104; coun- 
terbalancing action of elasticity and 
cohesion, 105 ; crystallization com- 
mon to nil forms ot^ 109 ; in<lestruc- 
tibility of,its paidicles, 110 ; com- 
position of unorganised bodies, sub- 
jeqlto permanent .law, 110, 111 ; 
agent composing or decomposing, 
112; mode of ascertaining the 
magnetism of, 335 ; iucreatable, 
indestructible, 353 ; proportion of, 
to spare, 424. 

Matteucci, M., effect of electricity on 
polished silver observed by, 221 ; 
.experiment showing polarization by 
""electricity, 286 ; doubts of, on the 
polarity of diamagnetism, 348 mte ; 
experiments on magnetic action in 
crystals, 350; observation on the 
action of compression, 352. 

Maury, Lieutenant, calms named by, 
123. 

Measurement of astronomical dis- 
tances, formula a.ssisting, 43. * 

Mechain,M.,EnckG’s comet seen by,365. 

Mechanical equivalent of heiit, 275. 

engines, incapable of generating 

force, 279. 

Mediterranean, the, conditions of, 
shutting out the tidal wave, 98; 
hurricane in, divided into two 
storms, 126 ; vegetation of, 252. 

Medium, ethereal, transmitting mag- 
netism, 344 ; density of, 356 ; pro- 
bable, relations of, to gravity, t6. ; 
experiment testing its magnetic pro- 
perties, 356, 357 ; functions of^ 
357; pervading the visible crea- 
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tioii, 358 ; unsolved question 
touching, 365 ; a cause of accele- 
rated revolutions of comets, 366, 
367 ; direction of its increase in 
density, 367, 

Medium occupying space, 424, 

Medusa tribes, the, phosphorescent 
brilliancy of, 295, 

Megallanic clouds, the, 417, 4l8. 
Melloni, M,, experiments of, in pho- 
tography, 214; his apjilicatioii of 
the principle of thermo-electricity, 
333 ; experiments of, in transmis- 
sion of heat, 258-263; fixing the 
maximum of heat in the solar spec- 
trum, 264 ; in polarization of heat, 
264-266 ; light separated from 
heat by, 265. 

Melville Island; height of the ther- 
mometer in, in January, 247. 
Mercury, inclination of his oil^it to 
the plane of the ecliptic, 21 ; eedipse 
of, 42; cause of his rdtation un- 
known, 65 ; ellipticity of his orbit 
compared with the terrestrial, 74 ; 
climate ofi 226 ; comet revolving 
between the orbits of Pallas and, 
367 ; attraction of, determining a 
comet’s orbit, 369 ; comets revolv- 
ing in his orbit, 381 ; velocity of, 
400. 

— , propagation of heat in, 273; 

routing by electricity, 314, 
Meridian, constant, of high water, 92. 

», mode of determining the mag- 
netic, 343, 

Meridians, size and form of the earth 
determined from, 46 ; measui'eraent 
of arcs, 47 ; anomalies from local 
attraction, 48 ; result of the com- 
putations, 48, 49; permanent, of 
the moon, 69, 70, 

, magnetic, influending the direc- 
tion of metallic veins, 346. 

Messiei*, comet of 1770 observed by, 
361 ; Eocke’s comet seen by, 365 ; 
nebula described by, 409. 

Metallic salts, action of the rays of 
the solar spectrum on, 203. 

springs used, in construction of 

musiiud instruments, 143.; rods 
^Ying musical noteS| 144, 


MITSCHERLICH. 

Metallic surfaces, polarized light re- 
flected from, 193 ; plates, impres- 
sions on, fh>m bodies in contact with, 
220 . 

Metals, expansion of, l^y heat, 271; 
propagation of heat in, 274 ; trans- 
mission of electricity by, 284 ; elec- ■ 
tricity developed by oxidation of, 
298; determining tlie appearance 
of a spectrum of voltaic flam 5, 303 ; 
distilled iu the voltaic arc, 304, 
305 ; electro-plating of, 309 ; pro- 
perties of, modifying electric suscep- 
tibility, 333 ; magnetism an agent 
in the formation of, 346. 

Meteor, the bursting of a, 118. 

Meteors, 420 ; tlieory of, 421-423. • 

Meteoric stones, proofs of their foreign 
origin, 420, 421 ; shower of, 421, 
422. . • 

Metre, adopted % the French as tlicir 
unit of linear measure, 89. 

Mica, polarization by induction effected 
with, 286. 

Milky Way, the, described, 385; Sir 
John llerschel’s description, 385, 
386 ; ** Coal Sacks,” 386 ; stai-s 
composiiig, 286, 287 ; zone of stai's 
crossing, 390; position of variable 
stars with regal'd to, 395 ; crowd- 
ing in, apparent only, 405 ; orbit 
in the plane of, 406 ; relation of, to^ 
the stellar universe, 407 ; nebula 
resembling, 409 ; its quarter of the 
heavens, 414, 415 ; . dividing tlie 
nebulous system, 416, 417 ; great 
nebula in, 418; remote branches of, 
419. 

Minerals, possessing the phosphores- 
cent property, 294. • 

Mines, cause x)i increased temperature 
229 ; green planftf* growing in, 
253, * 

Mira, periods of its flactoation.s in 
lustre, 390. 

Mirage, supposed cause of, 157. 

Miraldi, rotation of Jupiter’s satellite 
determined by, 70. 

Mitsuherliuh, M., his*experiment8 on 
crystal)^ 10.7 i discoveries,. 108 ; ex- 
periments of, in expansions of en's- 
tals, 272. 
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UOCHA. 

Mocha, meteors falling at, 421. 

Moignot, M., crystals compressed by, 
189. 

Moisture, an indispensable requisite 
for vegeta^'ou, 248 ; transmission 
of electricity etfectod by, 284, 288. 

Moleciitar polarity, produced by elec- 
tricity, 282 ; attraction, electricity 
developed by destruction of, 284. 

structure affecting transmission 

of electricity, 303. 

vortices, hypothesis of, account- 
ing ■ for the absorption of light. 
177. ^ ^ 

Molecules, material, attraction and 
repulsion of, 103 ; eifect of elasti- 
city and cohesion on, 104-106; 
uniting to form crystals, 107-109 ; 
extreme minuteness of ultimate, 
110 ; of ether, modes of their vi- 
bration in natural and polarized 
light, 193; in fluorescent light, 
196, 197 ; images traced by the 
mutual action of, 219-222; ar- 
rangement of, conin nted with mag- 
netism, 350^52. 

Mollusks, distinct species of, 254. 

Monocerotis 11, a triple star, 395. 

Monsoons, theory of the, 123, 124. 

Months, antiquity of, as a measure of 
time, 85. 

Moon, the, force restraining, 4, 5; 
mean distance of, from the earth, 
4 ; results effk-ted by her nearness 
to the earth,’? ; annual rate of de- 
crease in her orbit’s excentricity, , 
17'; average distance of, from the 
earth’s centre, j)eriod of her circuit 
of the heavens, 34 ; her periodic 
perturbations, 35-38 ; causes as- 
signed for acceleration of her mean 
motion, 36, 37 ; eclipses of, 39, 
40 ; longitudes determined by ob- 
servations of, 42, 43 ; her mean 
horizontal parallax, 52; sources 
whence her mass may be deter- 
mined, 55, 56 ; her diameter, 56 ; 
rotation of, 68 ; libvatious, 69 ; 
mountains, 70; precession I'esult- 
ing from her athnetion, 79-81 ; 
innuence of, producing tides, 91, 
92, 96-98 ; period of her declina- 


I MUSIC. 

lions, 97 ; atmospheric equilibrium 
disturbed by her attraction, 121 ; 
cause of her apparent increaseri 
magnitude in the horizon, 158; 
photographic image of, 214 ^ corn- 
parative amount of light emitted 
by, 225 ; cause of the rarity of 
her atmosphere, 226 ; increased 
intensity of light at full, ib. ; effect 
of the terrestrial atmosphere on 
heat radiated from, 227 ; cause of 
acceleration in the mean motion 
of, 366; light reaching the earth 
from, 404. 

Moorcroft, herbarium collected by, 
250, 251. 

Moser, Professor, mutual influence of 
bodies in contact tested by, 219, 
220 . 

Mossotti, Professor, his analysis fo 
prove the identity of the cohesive 
force with gravitation, 103, 104 ; 
his definition of gravity, 355. 

Motion, a law of the universe, 274 ; 
perpetual, impossible, 279. 

Mountains, anomalies in measurement 
caused by, 48 ; rarity of atmo- 
sphere on, 118 ; cause of perpetual 
snow, 119; modes of determining 
heights of, 1*20 ; becoming new 
centres of motion in hurricanes, 
126 ; influence of chains on tem- 
])eniture, 241, 242 ; cau.se of 
eboiiiemens in, 271 ; tojis of, fused 
by lightning, 293. 

Tuiuir, effect of solar rays pass- 
ing between, in eclipses, 41 ; in- 
fluence of, on the moon’s motions, 
96 ; three classes of, 70. . 

Mu Herculis, direction of solar motion 
with regard to, 406. 

Multiple systems of stars, 395. 

Miindy, Captain, mirage * described 
by, 157. 

Music, comparison instituted of sym- 
pathetic notes in, 2 ; regulated un- 
dulations of sound producing, 142 ; 
instruments of, 143; experiments 
by means of vibrating plates, 144- 
146 ; sympathetic vibrations, 147, 
148; experiments showings 148, 
149, 
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Musical instruments constructed by 
Professor Wheatstone, 143, 

Naples, comet discovered from, 370. 

Nautical Almanac, computations for 
calculating longitudes, 43; time 
calculated by, 84. 

Navigation, importance of lunar mo- 
tions in, 42 ; laws of storms to be 
observed in, 127, 128. 

Neap-tides, 96, 99. 

Nebulee, number and general aspect of, 

407 ; catalogues, 407, 408 ; classes, 

408 y irregular, 408, 409 ; of definite 
form, 409 ; spiral, 409, 410 ; an- 
nular, 410, 41 1 ; elliptical, double, 
.411 ; distance of a nebulous star 
discoverable, 411, 412 ; aspect and 
colour of planetary, 412 ; elliptical 
common, 413; globular clusters, 
413-415 ; resolution of, 415 ; star 
clusters, 415, 416 ; probable law 
of motion, 416 ; distribution of, 

416, 417; the megallanic clouds, 

417, 418; round ti ArgOs, 418, 
419 ; remote systems, 419 ; iiivi-. 
Bible solar, 42 1 ; meteors falling 
from, 422. 

Nebulous appearances of a comet, 
364 ; extent of, hiatter surround- 
ing a comet, 373 ; its variable 
brilliancy, 374 ; appearances round 
the sun, 412. 

stars, 411, 412. 

Needle, magnetized, effect of Voltaic 
electricity on a, 312, 313; sus- 
pended by means of electricity, 
314; condition of its deviation by 
an electric current, 317. 

N(^tive electricity defined, 282 ; 
mode of exciting, 283. 

impressions in photography, 

204. * 

Neptune, periodical variations in his 
orbit, 22 ; revolution of his satel- 
lite from east to west, 33; re- 
moteness of, 54; anticipation of 
discovery, 61 ; orbit and motions 
of, determined, 62; his diameter, 
mean distance from the sun, 63; 
temperature of, 225 ; action of, on 
Halley’s comet, 363. 


KODES. 

Neutral phosphate of soda, its crys- 
tals, 109. 

New Mexico, monsoons occasioned by 
its deserts, 124. 

Newton, Sir Isaac, steps of his argu- 
ment for the universal influence of 
gravitation, 3 ; his discoveries of 
modes of attraction, 4 ; motions of 
bodies projected in space, ascer- 
tained by, 5; form of ' a flnid 
mass in rotation ascertained,' 45 ; 
problem occupying astronomers 
since, 64 ; discrepancy hets^een his 
fheory of tides and observations, 
96; compound nature of white 
light proved by, 159 ; his analysis 
of the solar spectrum disputed, 
161 ; his theory of light disproved, 

. 167; measurements of colourwl 

. rays, 172, 173 ; scale of colours, 
174; decisive experiment disprov- 
ing the theory of light, 202 ; re- 
marks on the transmission of 
gravity, 355. 

Niagara, the falls of, not independent 
of the influence o^tronomy, 1 . 

Nickel, sulphate of/ change in its 
crystals, when exposed to the sun, 
107. 

Niepce, M., photographic pictures 
mndered permanent by, 204; dis- 
covery in photography suggested, 
207 ; colours of images of the sun 
taken, 213 ; experiments by, on 
saturation of substances with light, 
296. 

Nismes, discovery of a telescopic 
planet at, 21. 

Nitr(^en, proportion of, in the at- 
mosphere, 117; spectrum from, 
303 ; iron volatilized by the Vol- 
taic arc in, 304; unaffected by 

* magnetism, 344. 

Nohili, M., direction of electric cur- 
rents ascertained by, 333. 

Nodes, ascending and descending, of a 
planet defin^, 9 ; movement of 
their lines in secular disturbances, 
14; advance and recession 18; 

supposed recession of, on the equa* 

tor of the solar system, 24 ; of the 
moon, period of their sidereal re- 
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NON-CONDUCTORS, 
vohition, 37 ; secular ; inequality 
a0ecting, 38; influence of, on j 

■ eclipses, 39 ;* cause of their rapid 
motion, 55; points of lest on a 
vibrating spring, 141 ; in the vi- , 
brations of an undulating column 
of 142 ; in vibrations of solids, 
147. 

Non-conductors of electricity, 284, 
285. • 

Non-electrics, 285. 

Nortli Atlantic, the, winds in, 124. 

Polar Ocean, tide in the, 94. 

Norway, course of the tidiil wave to, 
94. 

Notes in music, 142, 143. 

Nubecula, Major and Minor, 417, 
4r8.. 

Nucleus, of Halley’s comet, changes in 
its aspect, 364 j di.snpiicaranoc of, 
in Kneke’s, 369 ; division, in lliela’s, 
3(39, 370 ; diaphanous, 373 ; so- 
lidity of, tested, 374; of a spiral 
nebula, 409. 

Nureinburg, observations on a comet 
from, 370, 

Nutations produced by the moon’s 
nearness to, the earth, 7; in Ju- 
piter’s equator, 29 ; in tlie planet- 
ary axes, 66 ; efi'ect of, on tlie pole 
of the equator, longitudes and lati- 
tudes altei’ed by, 81. . 

Nysa, ueai'ucss oi' its orbit to tlic 
earth, 21. 

Oaks, range of, near the equator, 
250. 

Occultation, central, by Halley’s 
comet, 364 ; geographical |>osition 
ascertained by, 384 ; prospective, 
by a sun of « Centauri, 400. 

Oocultations of stars, 42, 43, 

Ocean, the, density and mean deptli 
of, 51 j mean density, compared 
with the earth’s, 77 ; its form in 
cqiiilibrio, when revolving round 
an axis, 92 ; solar and lunar attrac- 
tion disturbing its equilibiium, ib . ; 
inequalities in periodic motions, 
93 ; motions of the tidal wave iu, 
95 ; stability of its equilibrium, 
100 ; circulation of currents in, 


ORBITS. 

4 * 6 . ; stratum of constant tempera* 
turn in, 101 ; zones of, ib.; de- 
ci*oase and inci'case of temperatuio 
with depth, 231 ; absorption and 
radiation of heat by, 242 ; electri- 
city evolved from, 291, 

Oceans of light and heat, prooessc‘s 
proiluclngy 225. 

Ochotzk, the sea of, depression of the 
barometer observed in, 1 20 . 
October, 1832, position of Saturn’s 
rings in, 67. 

Gibers, M., computations fora comet 
by, 367 ; period of his comet, 
370 ; comet of 1811 observed by, 
374. 

.Opaque bodies, ‘mode in which heat is 
developed in, 227. 

Ophiiichi 70, anomalies in the mo- 
tions of, 400. 

Ophiuchus, clustei*s of the Milky Way 
between the Shield and, 387 ; new 
star disappearing from, 393. ^ 

Optic axis, the, of crystals, 183 ; 
phenomena exhibited by transmis- 
sion of a polarized ray along, 187, 
188 ; allected by compression, 189. 
Orbit, the, of the earth, attraction 
intensified by its dipiinislied ex- 
centricity, 37 ; excentricity of, 
affecting temperature, 74, 75 ; 
crossed by comets, 368. 

of the moon, force ruling, 4 ; 

its excentricity, 34; clianges in,^ 
35 ; its inclination to the plane of 
the ecliptic, 79, 

of a nebula, 415. 

of the solar system, 405, 406. 

Orbits of comets, subject to variation, 
361 ; examples, 361-363 ; pros- 
pective changes in, 369, 370 ; of 
Donati’s, 379 ; forces determining 
their forms, 382, 383. 

of double stars, 396-400. 

of planets, force regulating a 

’ planet’s velocity in, 8 ; measure- 
ment of their excentricity, 9 ; seven 
elements of, determining their po- 
sition in 8 j)ace, 10 ; unequal move- 
ments in, 15; variation from 

elliptical to circular, 17 ; secular 
variations of, in inclination to tlic 
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plane of the ecliptic, 18, 19 ; stable 
and unstable in fonn, 21, 22; 
influence of the ethereal medium 
on, 22; principle facilitating ob- 
servations on secular inequalities, 
23, 24; revolutions of Saturn 
compared with Jupiter, 25 ; peri- 
> odic inequality increased by secular 
variations in their eleirents, 26; 
comets revolving in, 381, 382;. 
cause of diversity in form of, 
282. 

Orbits of satellites, fonns of Jupiter’s, 
27 ; their inclinations, 28 ; in- 
clinations of Saturn’s, 32 ; positions 
of Uranus’s, 33 ; forms of data in 
computing a planet’s place in the . 
heavens, 59. 

Orinoco, the cataracts of the, heard 
by day and by night, 135; area I 
occupied by forests on, 243. | 

Orion, the Milky Way between An- I 
^tinous and, 385, 386; pasition of, I 
390 ; variable star in, .‘i03, 394 ; 
multiple system in, 395; nebula 
in, 408. 

Oereted, Professor, discovery of, sug- 
gfjsting the theory of electro-nwg- 
netisin, 312; science founding the 
reputation of, 316. 

Oscillations, wide-spreailing, produced 
by gravitation, 2 ; foechnnictil 
principle aflecting sm^il, 11; of 
the sines and cosines of circular 
arcs, 20 ; invariable plane whence 
they may be esthnated, 24 ; of the 
pendulum retarded, 32; of the 
pendulum, experiments founded on, 
50, 51 ; experiments testing the 
earth’s density, 57 ; a measure of 
time, 83; produced by tides, 95, 
96 ; instruments measuring atmo- 
spheric, 113; barometer affected 
by periodic atmospheric, 120, 122 ; 
of ears of corn, 129, .130; pro-: 
duciog musical notes, 140-142; 
instances of foiled sympathetic, 

‘ 148 ; causing vicissitudes iu cli- 
mates, 247 ; of the pendulum, dis- 
turbed by effects of temperature, 
272 ; measuring variation of eloc- 
tHcnl intensity, 287. 


PARAMAGMETTSM. 

Otaheite, t^nsit <ff Venus obsolvcd 
at, 53. 

Otto, M., motions of the heavenly 
bodies observed by, 405. . 

Oxidation of metals, electricity de- 
veloped by, 298 ; by the Voltaic 
discharge on polished silver, tl05. 

Oxides decomposed by electricity, 
307 ; alkalies resolved into metal- 
lic, 307. “ 

Oxygen, in crystals, 109 ; proportion 
of, in water and caibonic oxide, 
111; in the atmosphere, 117; 
chemical combination with, evolving 
light and heat, 270; action of 
electricity on, 284 ; electricity 
afforded by combination of metals 
with, 298*; spectrum from, 303 ; 
separated from water by electricity, 
307 ; paramagnetic, 344. 

Ozone, produced by eletstricity, 284. 

Pacific Ocean, mean depth of, 77 ; 
course of tidal waves down, 93 ; 

I mean tiepth of, 90 ; currjents, 100. 

I Paderb.^rn, fulgorites |’roin, 293, 

Pallas, incllliation of its orbit to the 
ecliptic, 10 ; diamete* of, 2 1 ; astro- 
nomical tables, 63 ; ellipticity of 
its orbit compared wi|h the terres- 
trial, 74 ; height of its atmosphere, 
226 ; comet revolving between the 
orbits of Mercury and> 367. 

Pan’s pipes, vibrations in the air pass- 
ing over, 142. , 

Parabolic motion, ratio of forces pro- 
curing, 382. 

Parallax of the sun, circumstance 
favourable to its correction, 21. . 

of an object defined, 43. 

, defiftition, mo<le of ascertaining, 

52; distances romputed from, 52* 
.54; calculation from the moon’s 
horizontal, 55. 

of fixed stars, 387-390. 

of meteors, 421, 422, 

Paramagnetic substhiices, .335, 336. 

Pai'amagnotism defined, 335 ; sub- 
stances it is resident in, 8.36 ; ipodes 
of imparting, ib , ; a dual power, t6. ; 
imparted by induction, 337 ; law 
of its intensity, 338 ; a propeiiy of 
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oxygen, 344 ; in antithesis to dia- 
magnetism, 347 ; neutral substances 
obtained by combinations of dia- 
magnetisn> and, t6. ; Dr. Tyndall’s 
experimeiilj^ on polarity of, 348 ; 
dependent on arrangement of mole- 
culdS, 350, 351; aficcted by com- 
pression, 351 ; truth establishing 
its identity with diamagnetism, 356, 
357# 

Parathermic rays, analyzed by Sir 
John Herschel, 217-219. 

Paris, variation in length of the pen- 
dulum at, 51 ; mean annual tem- 
perature, 228 ; temjicrature of an 
Artesian well in, 230. 

Paths of comets, 359,360; secrets 
disclosed by their excentricities, 365. • 

Parry, Sir Edward, turned back by 
the Polar cunent, 101 ; mean tem- 
peratui'e calculated from observa- 
tions of, 245 ; thermometer at Mel- 
ville Island marked by, 247. 

Pauxis, the Straits of, ebb and flow of 
the sep in, 98. 

Peel, Sir William, thunderstorm ex- 
perienced by, 293, 294. 

Pegasus, nebulous region of, 417. 

Pendulum, the, principle equalizing 
its oscillations, 50 ; the earth’s 
figure calculated by, 50, 51 ; cx- 
]}eriments ascertaining the earth’s 
density, 57 ; isochronous, a measure 
of time, 83 ; a standard of the mea- 
sui*e of extension, 89 ; the, a con- 
necting link l)etwecn time and force, 
94; inventions to neutralise the 
effects of temperature; 272. 

Penumbra, in lunar ecliju;e, breadth 
of space occupied by, 4<J. 

Perigee, of the lunar orbit, jieriod of 
its revolution, 37, 58 ; cause of its 
rapid motion, 55. 

, solar, periods of its coinddeiKe 
with the equinoxes, 86. ' 

Perihelbn of s planet’s path defined, 1 6. 
of the earth’s orbit, its position 
regntating the length of seasons, 74. 

Periodio inequalities of planets, 13, 
14; km mm whieh they are de- 
daM 24v* 95 ; of Jupiter's satel- 
liti% as, 29 ; lunar, 35. 


PHOSPUOBESCEECE. 

Perkins, Mr., experiments of, testing 
the laws of compression, 78. 

Peron, M., specific diversity of marine 
animals asserted by, 254. 

Perpendicular force, the source of pe- 
riodic inequalities, 15; effects j)ro- 
duced by, 18. 

Perpetual motion, invariable propor- 
tion between heat and fojce pre- 
cluding, 279. • 

Perseus, variable star in, 890, 391. 

Peters, Mr., comet discovered by, 370 ; 
parallax of a Lyra?, 388, 389 ; dis- 
tances of fixed stars calculated, 389 ; 
hi§ theory of Sirius’ irregular mo- 
tions, 392 ; sun’s motion proved 
by, 405. 

Petit, M., observations of, on meteoric 
satellites, 423. 

Peru, arcs of the meridian measured 
in, 48. 

Phases of the moon, regulating returns 
of eclipses, 39. 

Phenomena, of eflccts of light in 
ecli(>ses, 41, 42 ; applied to com- 
puting longitudes, 43 ; caused by 
tidal oscillation, 96 ; from force of 
cohesion, 106, 107 ; of capillary 
nttniciionr 115; produced, by re- 
fraction and rofleqtion, 155-157 ; by 
polarization of light, 186-190 ; ex- 
hibited in fluorescence of light, 196, 
197 ; i-esulting from interaction of 
rays and molecules, aimlogous to 
efi'ects of photography, 219-222 ; 
jrhosphorescent) 295, 296 ; of gal- 
vanism, 310 ; of magnetism, 335, 
345-348 ; magnecrystallic, 349, 
350 ; exhibited by comets, 363, 
364, 369, 320, 372-376; by the 
Milky Way, 385-387 ; by variable 
stars, 390-393; by double stars, 
397-401; by nebula?, 409-415, 
417-419; by meteoric showers, 
421, 422. 

Phosphorescence, rays of the solar 
spectrum exciting, 216; cause of, 
in the solar spectrum, 217 ; excited 
by electricity, 294 ; fish posseeslug 
the property of, 295 ; the . glow . 
discharge, 2Ci5, 296; experimeuta 
investigating the nature of, 
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rHOTO-GAT.VANIC. 

Photo-gill vanic engraving, 309. 

Photography, first suggestions, 903 ; 
discoveries and improvements* in, 
204-207 ; conditions affecting the 
chemical properties of rays pro- 
ducing, 207, 208; images of the 
solar spectrum obtained by, 208- 
*210 ; coloured copy of an engraving^ 
211 ; phenomena in, SBggesting an 
absorptive action in the solar at- 
mosphere, 212, .213 ; cliemical 
energy ‘producing, distinct from 
light and heat, 214 ; expriments 
by means of, testing the^ properties 
of rays, 218, 219; experiments on 
action ^of light, heat, electricity, 
producing re-sults analogous to ef- 
fects of, 219-223. 

Photosphere, the, of the sun described, 
224. 

Physical Sciences, the most extensive 
example of their connection, mode 
of its operation, 1. 

Pi Herculis, direction of solar motion 
with regard to, 40fj. 

Pisces, nebulous region of, 417. 

Planetary motion, representiiiion of, 

14. 

nebulae, 409 ; ajipearance of, 

412. 

I’lanets, path.s round the sun descril)ed 
by> 5 ; law detei’miiiing their revo- 
lutions, i6. ; forces adjusting their 
forms, ti; their motions in elliptical 
orbit's, mean distance from the sun, 
8 ; mode of obtaining tbo place of, 
in their orbits, 9 ; computations 
giving the place of, in space, 
lO ; disturbances from recipro(»il 
attraction affecting, compensations, 
13-19 ; telescopic, 20, 21; pertur- 
bations in the mean motions of, 25, 
26 ; infilnence of, on lunar motions, 
36 ; eclipses and conjunctions of, 42 ; 
formula finding theif masses, 55 ; 
their diameters, 56 ; mass of the 
telescopic, compared with tlie moon, 
ih. ; comparative density, 58 ; me- 
r thod of computing their places, 58- 
64; discovery of, 61-63; exploded 
. theory touching telescopic, 63 ; 
riods of their rotations, 66 : va- 


POLARIZATION. 

riation and position of the plane of 
(he ecliptic produced by, 79; its 
. effect on the equinoctial points 80 ; 
climates ot^ 225, 226 ; probably 
magnets, 34G ; constqpt velocity of 
their mean motions, 366. 

Plants, distrib.ution of knowjP-lspecie.s 
over the globe, 249, 250. 

Plates, vibrating, ex()erimeuts by mean's 
of, 144-146. 

Plateau, INI., experiments of, on colour, 
165, 166. 

Platina, in(\'indescent, used as a source 
of heat, 260. 

Platinum, expei iment producing spou- 
timeoiis combustion of, 112,‘ 113. 
Playfair, Professor, quoted in reference 
to La Grange’s discovery, 23. 
Pleiades, the, nebulous stars, 415. 
Pliicker, Professor, discoveries of, in 
tlie action of magnetism in crystals, 
349. 

Plumb-line, deviations of, from local 
attraction, 48 ;,ev:i;th’B density cal- 
culated from a deviaiics;^?^;-?* 
Poinsot, M., La Place’s discovery ex- 
tended by, 23 ; comparison by, 24. 
Point, ready escape of electricity from 
a, 288. 

Poisson, decisions of, on tho p|]^ 
nomena of cap)! I lary attraction,' I 
Polar basin, probable temper^uns of; 
245, 246. ■■■ 

star, change of posili^ in the, 

81,82. 

vegetation, contracted with tro- 

picul, 248. 

Polarity, produced by electricity, 282 ; 
of magnets defined, 336 ; hiduce4i 
in iron, 337 ; its antithetical mani- 
festations of, 339 ; invariably dual, 
341 ; of diamagnetic substances, 
347,348. • ’ 

Polarization of light, definition of, 
179; refrae^ by.' wious sub- 
stances, 1^183 ; by reflection, 
13*^; afigles o^< 185; phrsnoinena 
exhibited by transmission. through 
'an^siug media, 186-188; circular, 
11^191; theory of circular and 
192, 193 ; substances pro- 
diad%y ^l93, 194; theory of cOr 
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loured images formed by, 194; ac- 
cidental, 195; discovery of, ib,; 
degraded light incapable of, 198 ; 
communicating electricity, 220 ; 
plane of motion of vibrations in, 
223. 

rolarftation of heat^ fii-st attempts, 
264; successful experiments, 265- 
267. 

sof electricity by induction, 

286. 

, experiment showing the action 

of magnetism on, 319 ; aflected by 
mechanical compression, 352. 

Foldice mine, the, temperature of the 
water pumped from, 229. , 

Poles, the, cause of tli^ flattening of a 
spheroidal mass at, 6 ; diameter of 
Jupiter at, 27 ; experiment deter- 
mining the increase of gravitation 
tuwai'ds, 49, 50; tlie, drifting of 
ice from, 100, 101; of maximum 
cold, centres of the isothermal lines, 
245, 246 ; nature of magnetic force 
distinguished by, 332 ; lour terres- 
trial, of maximum magnetic force, 
two magnetic, 3 13. 

l*ollux* an optically double star, 401. 

Port Bowen Harbour, transmission of 
sound across, when frozen, 136. 

Positive electricity, dcHued, 282 ; 
mode of exciting, 288. 

impressions in photography, 204. 

Pouillet, M., his estimate of tlie mean 
temperature of space, 119; quantity 
of solar heat received by the earth 
computed by, 238 ; data furnished 
by, to Professor* Thomson, 279 ; 
development of electricity investi- 
gated by, 291. 

Powell, ^den, substances producing 
elliptical polarization enuinenited 
by, 193; dispersion of light ae- 
^counted for by th^ undnlatory 
theory, 200, 201 j experiments in 
transmission of radiant heat, 262 ; 
attempts to polarise heat, 264, 

Power; Mr., undulations producing 
Bnorescent light computed by, 
197 ; law of solar rays acting on 
inedia, 198. . 

Pvassepe, the, in Cancer, 415, 


QUININE. 

Precession, a, in the equinoxes of 
^ planets, its cause, 66; mean, of the 
equinoctial points, defined and cal- 
culated, 80 ; influence of, on. the 
pole of tlie equator, on longitudes, 
81. 

Pressure, electi icif y elicited by, 283. 

284 ; law of electrical, 288. 
Principato Citeriore, earthquake in, 
.234. 

l^risms, solar spectrum formed by, 
159 ; neutralizing eflecis of colour, 
164; of brown tourmaline, light 
polarized by, 180 ; resolution of 
the pure white sunbeam by, 222 ; 
substance of, determining the point 
of ma.\imiim heat in tlte solar 
I spectrum, 263, 2G4 ; electrical light 
j luialysed by, 288. 

Problem determining the motions of 
trsinslation of the celestial bodies, 

I 1 1 ; of the three bodies, 58 ; the 
I hardest astronomical, 92. 

I Procyon, light of, 4o2. 

I Proportion, definite, the law of, in 
mixing substances. 111, 112. 
Protoxides of metals, their ciy'stals, 
109. 

Prussia, Eastorii, fulgorites- from, 
293. 

Ptolemy, decrease in the inclination of 
Jupiter's orbit since the age of, 
19 ; discovery of the Evection by, 
35; Indian lunar tables ciilculat^ 
in his time, 88 ; horoscope ascribed 
to the age of, 89 ; effects of refrac- 
tion observed by, 155; colour of 
Sirius in his time, 401. 

Quadratures, the equatidn of the 
centre in, 9 ; lunar orbit augmented 
in, 35 ; tides affected by the moon 
in, 96. 

QuadrupedSj^iBtribution of distinct 
species ov255. 

Quartz, ciystaliised, light polarized 
circularly by, 189, 190; vaneUes 
of polarization exhibited 193, 
Quebw, ’extremes of temperature found 
in, 247. 

Quinine, sulphate of, producing fluor- 
escence of light, 197. 
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hadxal. 

RADiAii force producing periodical 
changes in relative positions of tl^e 
heavenly bodies, 15; effects pro- 
duced by, 16, 17; principle neu- 
tralising its ultimate result, 19, 20. 

Radif*ition of heat, laws i*egulatiiig, 
257 ; universal from substances, 
268 ; natural phenomena resulting 
from, 2G9 ; slow decrease of the 
earth's central heat from, 232 ; 
influence of, on temperature, 239 ; 
jx)wer of, in water compared with 
dry land, 242 ; of heat, a transfer 
of ftiotion, 277. 

Radii vectored, signification of, 8 ; 
areas described by, 10 ; force dis- 
turbing in the direction of, 14, 1,5. 

Ragona-Scina, .M., his theory of ray- 
les5s lines in the sjiectruin, 103. * 

Rain, force shaping drops, 106 ; cause 
of periodic jtrcpiciil, 123 ; region 
of, 124 ; theory of its fonnation, 
270; an electric conductor, 292. 

Rankine, Mr., his theory of the struc- 
tui*e of matter, 104; Ijis theory of 
the absorption of light, 177. 

Rays, common nature and common 
properties of, 268. 

of heat, existing independently 

of luminous, 257 ; laws of trans- 
mission of, 258 ; analogy between 
transmission. of luminous rays«and, 
259 ; temperature of tlieir source 
aflecting transmissson, 260 ; vaf-y- 
ing in nature with their origin, 
261 ; transmitted through coloure«i 
glass, 262 ; traveraing various 
media, ib. ; subject to refraction 
and reflection, 263 ; polarizefi, 265- 
267 ; absorption and reflection of, 
268; rotation of polarized, caused 
by magnetism, 319, 

of light, bent by passing from rare 

into dense media, 15l:y partial and 
total reflection of, 15t) ; loss of, by 
obliquity of incidence, 158 ; theory 
of their transmission and absorp- 
tion, 150-161 ; comjiarative refran- 
gibility of, 163; experiments on 
dispersion of, 164 ; principle deter- 
mining their colour, 170, 171; 
tran^ission of, in glass or water, 


IIKVRACTION. 

177, 178 ; conditions of polarized, 
179; double refraction, 181-183; 
polarized by reflection, 184,185; 
coloured images produced by inter- 
ference of, 194, 195 ;, internal dis- 
persion of, 195-198; heat, light, 
chemical action, independent pro- 
perties of, 214, 215 ; undulations 
constituting, 223; conditions mo- 
difying the power of solar, to pro- 
duce heat, 237 ; transmitted inde- 
pendently of calorific rays, 258 ; 
magnetizing of polarized, 318, 319. 

Ibiys, solar, effect produced by their 
refraction in lunar eclipse^ 40 ; 
• passing between lunar mountains 
in solar eclif^se, 41. 

! of the solar spectrum, their 

I chemical properties, 203 ; varying 
chemical energy, 207, 208 ; varying 
nature of their action, 208 ; pecu- 
liar. chemical action of the red, 
209-211 ; deoxydating and oxy- 
dating action of, 211, 212 ; expts 
riments detailed, 212-215; new, 
obscure, detected bj^ir John Her- 
schel, 217. 

Red Sea, the, tide in, 98. 

Reflection of waves of sound, 137, 
138 ; of rays at surfaces of sti ata 
differing in density, phenomena oc- 
casioned b}', 156, 157 ; affecting 
colour, h60 ; motion of a. ray of 
light in, 377 ; light polarized by, 
184, 185; elliptical polarization 
produced by, 193;.he<at polarized 
by, 266; of, radiant heat from' 
surfaces, 268. 

Refraction of the sun's rays in lunar 
eclipses, 40 ; of waves of sound, 
138 ; of light by the atmosphere, 
153, 1.54; mode of estimating, in 
case of celestial bodies, 155; for- 
mulae obtaining in case of teiTestrial 
objects, ib, ; pWomena occasioned 
by, 155, 156 ; colours decomposed 
by, 159, 160$ produced without 
colour, 164, 165; power* of, in 
media affecting the elasticity of the 
luminous ether, 177 ; of a polalixed 
ray, 180 ; double, 131, 132 1 Fres- 
nel’s theory pf, 183; difUiAished 
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capability of producing fluorescence, • 
196 ; capability of, in rays, ailect- \ 
ing their chemical action, 209- ! 
212 ; effect of, on, the lunar atmo- ! 
sphere, 2 ^ 6 ; influence of, on | 
transmission of heat, 258 ; of rays ! 
of Wbat, 261-264; heat polarized i 
by, 266, I. 

llefitingibility , snbstances diminishing, j 
of %ht, 1 96 ; aii'ecting the che- ! 
mical action of rays, 209-212 ; 
affecting radiation of heat, 257 ; j 
affecting transmission of radiant \ 
heat, 261-263. ' 

lleich, Professor, temperature of mines I 
observed by, 228 ; mean increase | 
calculated by, 230. | 

Keptiles, distribution of^istinct species 
of, 254. I 

Repulsion of electricities, 283 ; expo- | 
riments determhiing the laws of j 
electrical,* 286, 287 ; modes of, in j 
static and in Voltaic electricity, ' 
317; developing tornets' tails, 375- > 
377. j 

Resistance, a cause of accelerated • 
motion, 367. I 

Retina, the, action of, in receiving im- ! 
pressions, 166 ; conifiarative sen- 
sibility of its tibix's to light, 
178. 

Retrograde motit)n of comets, 359, 
368, 373, 379. 

Rhodiola rosea, identical species of, 
found in Tartary and in Scotland, i 
251. I 

Rhombohedrons of carbonate of lime, | 
109. j 

Richman, Professor, killed by light-. \ 
ning, 203. ! 

Richter, variation in length of the ! 

pendulum observed by, 51. 

Rings of Saturn, 66-68 ; Saturn’s, j 
diamagnetic, 347 ; ligiiin()us, suv- = 
ixiunding comets, 374, 375 ; snr- ; 
rounding Donati’s, 379. j 

Ritchie# Professor, electrical cx()ei-i- 
mentsof, 314. 

Ritter, ‘M., chemical properties of the 
•olar spectrum observed by, 203; j 
oxydizing effect of red rays, 209. i 
Rive, M. Auguste de la, rate of in- = 


RUSSIA. 

crease of temperature in wells ob- 
served by, 230. 

Rivei-s, curvature of the land proved 
by, 46 ; influence of, on the earth’s 
rototion, 71 ; rising of tides in, 
98 ; effect of, in cooling the atmo- 
sphere, 243. 

Roget, Dr., phenomena of electro- 
magnetism explained by, 313. 

Rome, observations on lunar moun- 
tains made at, 70 ; era fixed 
at, 85; comet discovered from, 
370. 

Ross, Sir James, stratum in the .ocean 
discovered by, 101 ; depressure of 
the barometer oUserved by, 120 ; 
volcanic regioir «liscovered, 232. 

Rosse, Lord, nebulae resolved by. his 
telescoi^, 407, 408 ; spiral nebula, 
409, 410; annular nebulae dis- 
covered by, 410; nebulous star, 
411; planetary nebulae, 412 ; ig.*- 
buhe resolved by, 415. 

Rotation affecting winds, 122-127 ; of 
winds, 124, 125; of hurricanes, 
l25, 126 ; pwxluccd I 3 ’ the V’oltaic 
current acting on iron, 305 ; of 
stratiffeatioris of electrical light, 
307 ; caused by electricity,. 313, 
314; of light causeil by an electric 
current; 319 ; of magnets pro- 
ducing electricity, 330 - 332 ; 
changes produced in comets by, 
376, • 

Rotations of the solar system, 7 ; of the 
sun, 65 ; of the planets, 66 ; of satel- 
lites, 68 ; of Jupiter’s satellites, 70 ; 
of the earth, a measure of time, 71 ; 
influence of temperature on, 72 ; 
axis of, invarjable, 76, 77. 

Rotatory motion, fonn indicating, 65 ; 
of Donati’s comet, 379. 

Roux, M. le, observations on inagnotic 
action in crystals, 350. 

Rndberg, ift, refrangibility of sub- 
stances ascertained by, 201 , 202 . 

Ruhmkorft*, M., improvements on his 
electro-inductive apparatus, 328. 

Russell, Scott, Mr., velocity of the 
ti^al wave estimated by, 95. 

Russia, arc of the meridian measured 
in, 48 ; climates of, 244. 
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SABINE. 

Sabine, General, variations in the 
magnetic elements investigated by, 
043, 344. 

Sagittarius, comet traversing the 
constellation of, 379; the Milky 
Way in, 386 ; nebula, 414. 

Sahara, the, causing monswns, 124. 

desert, extent, influence of, on 

the atmosphei e, 243. 

Salt, Mr,, j)n]»vrus sent from Egvpt 
by, 89. 

Siind, tubes in, formed hr lightning, 
293. * ' 'I 

Sandy deserts in riuendng temperature, ■ 
243. I 

.Sandwich Land, exc^ess of cold in, over ! 
corresponding latitudes, 241. 

Sargassa, or giassy sea, found in the i 
Atlantic, 2o3. 

Satellites, intensified action of attrac- 
tion upon, 7 ; intimate union of, j 
,with their primaries, 26 ; e.^ceji- j 
tions to a general law of the solar 
system, 65, note ; rotations equal 
to the times of their revolutions, 
68 ; comet passing through, 69. 

— , Jupiter’s, proportion of their 
mass to that of their primary, 27 ; 
disturbing force of attraction nilect' 
ing their orbits, 28 ; periodic and 
secular inequalities, 28,29 ; eclipses, 
30; rotation, 70; passage of a 
comet through, 859 ; comet nearly 
approaching, 370. 

— - of Saturn, 32 ; of Uranus and 
Neptune, 33. 

, mode of computing their masses, 

55 ; comparative density of, 58. 

of Neptune, 63. 

of the earth, shooting stars, 

423. 

Satuni, unequally occurring compen- 
sations of disturbance in its motions, 
15; diHurbing influence of, on 
Jupiter, excentricity #F its orbit 
compared with Jupiter’s, 17 ; re- 
tarding the revolution of Jupiter’s 
nodes, 19 ; invariable plane passing 
'between Jupiter aod, 24 4 observa- 
tions on the mean motions of Ju- 
piter and, 25, 26 ; eclipse of, 42 ; 
internal structure, 58 ; astronomical 


tables of, 60 ; period of his year, 
66 ; the rings of, described, 66 - 68 ; 
bis ling probably diamagnetic, 347 ; 
action of, on Halley’s comet, 362, 
363 ; comets having t|;eir perihelia 
in his orbit, 381. 

Saurian reptiles, distinct trilSks of, 
254. 

Saussura, M., tempenftura of mines 
observed by, 228, 229 ; lichnn dis- 
covered by, 249. 

.Savart, M., his researches and 'experi- 
ments in acoustics, 132, 133 ; cn- 
periment« on vibrations of glass 
rulei-s, 145-147 ; experiments show- 
ing sympathetic undulations, 148, 
149 ; disco veiies on the nature of 
voice, 152. * 

Savaiy, M., orbital elements of a 
double star determined by, 396 ; 
his mode of ascertaining the actual 
distances of fixed sws, 402, 
403. 

Scheele, M,, chemical changes cflectod 
by the solar spectrum oleer^'ed by, 
2U3. . 

Schrooter, height of jdanetai^- atmo- 
spheres calculated 226. 

Schwabe, M., periodic variation in the 
solar spots observed by, 344. 

Science, its value regarded ns the 
pursuit of truth, 1 ; errora of the 
senses corrected by, 32 ; evidence 
of its antiquity, 67. 

Sciences, inutual relations of forces 
proving the connexion between, 
319-321 ; analysis proving the 
whole circle of, Kin; 427, 428. 

Scoresby, Captain, phenomenon occa- 
sioned by refraction observed by, 
156. 

Scorpio, vacant patch of the Milky 
Way in, 386 ; {josition of, 390 ; a 
double stai' in, 395; nebula in, 
414. 

Scotland, progress of the tidal ware 
round, 94. • 

Sea, the, inappreciable influence of, 
on the direction of gravH^f, 77 ; 
mean height of snow^liiiG above the 
level pf, 241 ; comparative extent 
of, 242. 
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Seasons, omditioiM the 

duration o( 74 ; cause of their un- 
equal periods, 87 ; theory of the 
tropical dhy and rainy, 123. 

Seawi^s, ppotogi^phic impressions 
of, 205, 206; luxuriance, deep 
colc^rs of, 253. 

Secchi, Professor, mountains of the 
moon observed by, 70 ; photo- 
gra^io image of the moon obtained, 
214; temperatures of the sun’s 
surface estimate, 225 ; experi- 
ments of, in photograpliing the 
moon and Jupiter, 226, 227i 

^SeGular inequalities of planets, 13, 
14 ; means of discovering, 24, 25 ; 

. effect of, on tlie mean motion of the 
moon, 36, 37. 

— variations in mean values of the 
magnetic elements, 343. 

Seebeck, point of maximum heat in 
solar spectrum fixed by, 263 ; dis- 
covery of, 264 ; relations of heat to 
electricity discovored by, 332, 333. 

Seed-lobes, proportion in the distri- 
bution of plants having one or two, 
252. 

Seleniate of xinc, crystals of, 107. 

Senarinont, M,, experiments of, in ex- 
pansion of crystals, 273. 

Senses, necessarily inaccurate testi- 
mony of the, 28 1 . 

September, times coinciding in, 84. 

Serpentarius, star in, vanishing, 392. 

Shell-fish, their inode of clinging to 
rocks, 117. 

Shield, the, clusters of the Milky 
Way between Opliiuchus and, 387. 

Sliooting stars, phenomena of, de- 
scribe,. 421, 422; theories of, 
423. • 

Siberia, Eastern, depression of the 
barometer observed in, 120. 

Sidereal times, mean, penods of, 83 ; 
measurement of .apparent, ib. 

Sigma Eridani, period of revolntion 
in, 400. 

Silesia,' fulgorites from, 293. 

Silver iodized, its sensitiveness to im- 
pressions, 221 . 

Sirius, the Egyptian year estimated 
ffAm. tail extending 


j SOLAR. 

^ firom the Hare to, 373 ; rank of, 
384 ; comparative magnitude, 385 ; 
parallax, 389; cause of his irre- 
gular motion, 392 ; change in 
colour, 401 ; light, 402 ; extent of 
surface, 404. 

Smyth, Adj^iral, his measurement of 
Etna coD^ared with Sir John Her- 
schel’s, 120; eclipse of a double 
star observed by, 397 ; its periodic 
time determined, 398. 

, Piazzi, heat of the moon felt 

by, 227. 

Snow, cause of perpetual, on summits 
of alpine chains, 119 ; causes modi- 
fying the height of the line of per- 
l^etiial, 241 ; protecting vegetation, 
249 ; radiation of heat by, 257. 
Soda, sulphate of, ^lange of form in 
its crystals, 107; crystals of the 
neutral phosphate and the arseniate 
ot; 109. 

Soil, the, dej>endence of temperature 
on the nature of its j>roducts, 243. 
Solar gravitation, 424, 425. 

magnetism, its connexion with 

terrestrial, 344. 

spectrum, ciuse of the point of 

maximum heat varying in, 263, 264. 

system, the, gravitation of the 

bodies composing, 5 ; conditions 
securing the stability of, 11, 12; * 
proof of its stability, 20; equi- 
librium of, underanged by the 
etliereal medium, 22 ; invariable 
plane, forming tlie equator of, 23, 
24 ; question of its revolution 
' round a common centre, 24; pro- 
pi^rties of its mediunit, 32 ; masses 
of bodies composing, 55, 56 ; their 
diameters, 56; uniform direction 
of rotation in, 65 ; comparative 
apparent importance of, in creation, 
226 ; probably magnetic through- 
out, 346 ;%)mets forming part of, 
365 ; possible ultimate destruction 
of, 372 ; computations of comets 
revolving within, 381, 382 ; paths 
described by heavenly bodies in, 
382, 383; position of, relatively 
to the Milky Way, 385 ; direction 
of its motion. 405. 
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SOLEIL. 

Soleil» M., ciystdls compressed by, 
189. 

Solids, conditions reducing molecular 
particles to, 104, 105 ; distinctive 
forms taken by matter in, 106; 
velocity of sound passing through, 
135; change of shape^in, accom- 
panying ringing souna, 147 ; ex- 
pansion of, by heat, 271. 

Solstices, the, solar motion at, aifeciing 
tlie duration of time, 84; the year 
estimated from the winter, 85 ; 
period iciil coincidence of the solar 
perigee and apogee with. 86, 87. 

Sothaic period, the, of the Egyptians, 
85. 

Sound, medium conveying, 129 ; its 
propagation by undulations illus- 
trated, 129, IviP; conditions modi- 
fying the intensity of, musical notes, 
131 ; experiments testing the com- 
pass of audible, 132, 1.33; media 
modifying the velocity of, 133-137 ; 
laws of its reflection from surface.?, 
137, 138 ; undulations of, subject 
to’ the laws of interlerence, 138, 
139; laws of the foundatida of 
mu.siciil science, 140-143 ; rein- 
forced by resonance of cavities, 150, 
151 ; repeated vibrations required 
16 produce, 178 ; different mode.s of 
action in undulations producing 
light and, 199, 200; identiciil 
nature of heat and, 280, 281 ; mea- 
suring velocity, 290, 291. 

Sounding boards, intensifying musical 
' vibrations, 149 ; action of, in mu- 
sical instruments. 150. • 

Sontli, Sir Jaines, positions of stellar 
systems measured by, 396. 

South pole, the, excess of cold at, 241, 

. — ^ islands, height of tides at, 

98. 

Southern 0(«an, rise of the tidal wave 
in, 93 ; velocity of tft wave, 94. 

Spain, meteoric showers off the coast 
of. 421. 

Specifle heat 'defined, 275. 

Spectra of gases and flames, their 
characteristic peculiaidties,' 1G3, 
164 ; three superposed, •of me pum 
white sunbeam, 222. 


STARS. 

Spectinim, the solar, deramposed into 
.seven colours, 159 ; colours of, modi- 
fietl by thickness of the medium 
absorbing, 160 ; decomposed into 
three colours, 161 rayless lines 
ill, 162; observations and experi- 
ments on rayless lines, IBS', 164 ; 
cxjieriment of fluorescent light^ 197 ; 
obtained independently of prismatic 
refraction, 201 ; energetic aStion of, 
on matter, 203; photographic co- 
loured images of, 208-210 ; analysis, 
projjerties of, experiments, 211-219; 
complex nature of, 222 ; produccil 
from diffracted light, 223. 

of an «la!tric spark, 289. 

— — of the Voltaic arc, 303. . 
Spheres,mode of attraction inhollow and 
solid, 4 ; planets partaking the nature 
of, 7 ; imjml^es regulating rotation.?, 
t6. ; conditions procuring the figui'c 
of, 44 ; fonnula finding the density, 
56 ; force giving the fonn of, 106 ; 
power of retaining electricity, 288. 
Spheral form, the result of cohesion, 

io8r 

Spheroids, influencing attraction dif- 
ferently fixim sphere, 4; force dis- 
turbing attraction 'in, 27; com- 
pression of the terrestrial and of 
Jupiter’s, computed, 38, 39; of 
elliptical .strata, quiin titles invari- 
able in, 46 ; o^ the sun, 65 ; eflect 
produced by the attraction of an 
external body on, 79; power of 
retaining electricity, 288, - " 

Spiral nebula, 409, 410. '• 

.Spots on the sun’s surTaoe^-l^fods of 
their vicissitudes, 224 ;^il^i>unt of 
heat varying with, 2^.* " 

Spring tides, 96-99. T 
Springs, hot, rising., fe lines, 229; 
mean heat of the earth' determined 
from, 238. 

Standards of we^hts measures, 
whence derived, 89,' 

Stars, fixed, the, the soUir system pi o- 
baMy not indeg^ent of, 24 ; ve- 
locity of light ulrauced fi^m aberra- 
tion 31 ; distances of, 54; 
precession vifl^ng theit lon^- 
tudes, 8(K; ^putations of fheir 
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STATIC. 

positions furnishing historical dtita, 
88, 88 ; made visible by refraction, 
154; peculiar law of light dcinon- 
strated by the aberration of, 202 ; 
magniti^cpf the solar system seen 
from, 226 ; numbers, classification 
of, 964 ; positions, 385 ; the Milky 
Way, 385-387 ; parallaxes and 
distances of, 387-389 ; variable, 
390i^95 ; missing, 895*; systems 
of multiple, classified, t6. ; binary, 
395-406 (see Double stars'); ne- 
bulous, 406-410 (see Nebulae); 
seemingly innumeiable, 420 ; nie- 
teoi-s, 420-423. 

Static electricity, 282 : see Elec- 
tricity. 

Steam, formation of, 269 ; force con- 
verting liquids into, 277 ; measure 
of its elasticity, 278; question of 
its being superseded by electricitv, 
328. 

Steel, paramagnetism induced in, 336 ; 
conditions of magnetic power re- 
maining permanently in, 337, 338 ; 
its elasticity affected by magnetism, 
352. 

Stephenson, George, quotation from, 
279-280. 

Stokes, Professor, remarks of, on gra- 
dation of colours, 161; experiments 
on fluorescence of light, 197 ; his 
decision with re<;ard to vibrations of 
|)ohirised light, 253. 

Storms, inagnctio, 344 ; varying with j 
latitude, 345, 346, 

Strata of the earth, position and com- 
parative density ot^ 77. 
Stratitications, exiMjriments showing, 
in electric light, 306, 307. 

Struve, M., measurement by, 48 ; his 
observations on Saturn's rings, 68 ; 
oocultation by a comet observed by, 

' 364 ; comet’s nucleus described, t6. ; 
distance of a Axed star measured by, 
388, 389 ; catalogue of double stars, 
396 ; remarks on colour and light 
of double stars, 401 ; sun’s motion 
prove<l by, 405. 

Stutgardt, natural hot springs used in 
manufactories near, 231. 
iSubmarine telegntph, 325-327. 


SON. 

Sulphate of magnesia, its crystals 
boiled in alcohol, 108. 

of nickel, effect of exposure to 

the “sun, on its crystals, 107. 

of soda, its crystals, 107. 

of zinc, experiment on its crys- 
tals, 108, 

Sulphuretted hydrogen gas, its con- 
stituent parts, 111. 

Sumbawa, volcanic eruption of, 233. 
Summer, mean temperature ofj vary- 
ing in the same latitude, 246, 247 ; 
atmospheric electricity in, 291. 

Sun, the, law regulating his attraction 
of heavenly bodies, 5; effect of his 
attraction on planetary orbits, mean 
distance of planets from, 8 ; im- 
portance of his magnitude in the 
solar system, 12; disturbances in 
the relative positions of planets and, 

1 4 ; force modifying his intAisity of 
nttmetion, 16; resistance offered 
by, to the power of disturbing: 
forces, 20 ; periods of conjunc- 
tions of Jupiter, Saturn, and, 25; 
inllueucc on lunar motions, 
34, 35; action of the planets re- 
flected by, 37 ; eclipses of, 40, 41 ; 
supposeil constitution of, 41 ; his 
atmosphere, 42 ; mode of finding liis 
parallax, 52, 53; mean dismnee 
from the earth, 53 ; mass of, 55 ; 
diameter, 56 ; comparative density, 
.attractive force, 56, 57 ; ash'ono- 
mical tiibles of, 63 ; deductions 
from his rotation about an axis, 
period of, 65; attraction of, pro- 
ducing a precQiiion of the equinoxes, 
79, 81; returns of, a measure of 
time, 83-85 ; divisions of time, de- 
pendent on revolutions of the major 
axis of his orbit, 86, 87 ; action on 
tides, 92, 97 ; disturbing the equi- 
librium of the atmosphere, 121 ; 
dry and rainy seasons regulated by, 
123; cause of decreased light and 
heat in horizontal rays, 157, 158 ; 
distance of, falsely estimated, 158 ; 
light polarized by, 195 ; indications 
of an absorptive atmosphere aur- 
I rounding, 212, 213 ; his diameter, 
I 224; appearance of, through his 
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SUNBEAMS. 

atmospheres, •6. ; variations in heat 
and light emitted from, 225, 226 ; 
amount of heat annually received by 
the earth from, 238 ; effect of his 
brilliancy on the heat emitted by, 
259; his |)osition affecting varia* 
tions in the magnetic elements, 343, 
344; connexion between periodic 
variation in his spots and in the 
magnetic elements, 344 ; vast sweep 
of his gravitating force, 365 ; in- 
creased attraction of, for comets, 
372; gulfs separating stars from, 
390; possibility of change in his j 
lustre, 394 ; spot on, measured by j 
Sir John Herschel, 394, 395 ; pro- ; 
portion of his light to the moon's, 
404 ; rate and orbit of motion with i 
his system, 405, 40G ; a nebulous j 
star, ^12 ; meteoric nebula revolv- 
ing round, 422; gravitating force 
of, 424,425. 

Sun^ams, resolved into their com- 
ponent colours, 159-162; Jaw pre- 
vailing in the phenomena of, 198; 
light a distinct property of, 214; 
resolved into tlii'ee spectra, 222; 
undulations constituting, 223 ; their 
influence on vegetation, 249. 

Swan^ the, vanishing star in, 393. 

Switzerland, meteors falling in, 421. 

Syene, arc of the meridiaiL measured 
between Alexandria and, 49. 

Sykes, Colonel, extensive range of cul- 
tivation of wheal observed by, 250. 

Sympathetic vibrations in musical in- 
struments, 147-149. 

Syi*en, the, an instrument ascertaining 
the number of musical pulsations in 
a second, 143. 

Syzigies, tides increased in the, 96. 

Table-lands, high, influence of, on 
the atmosphere, 241. 

Tail of comets, sudden development 
of, 372; forces producing, 375; 
unequal illumination of, 375, 376; 
change in position of, 376 ; divided, 
lb. ; constitution of, 377. 

Talbot, Fox, His inventions in photo- 
emphy,204. . 

Tangent, a, to planetary orbits, planets 


TEMPERATURE. 

impelled in the direction of, 8 ; 
force, disturbing, in the direction of, 
14, 15 ; deflection from, a* mea- 
surement of centrifugal force, 49. 

Tangential force, occasiening secular 
inequalities, 14; effects produced 
by, 15; pi-oducing the variation 
of the moon, 35 ; foiice acting on 
the sea, 100. . 

— velocity, effects proda<$^d by 
modifications of, 16 ; undiminished 
by the ethereal medium, 22. 

Telegraph, the electric, discovery 
leading to the invention of, 323, 
324 ; the Atlantic, 325 ; principles 
of its construction, 326, 327 ; date 
of its coiii])Ietion, 327. 

Telcgiaphs, land, principle of their 
construction, 328. 

Telescope, the achromatic, principle 
of its construction, 1 64. 

the differential, differences in 

illumination determined by, 227. 

— , Lord Rosse's, nebulae resolved 
^ by, 407, 415. 

Telescopium, comet travci*sing the con- 
stellation of, 379 ; nebula in, 414. 

Temperature, a decrease in, affecting 
the earth’s rotation, 72; excen- 
tricity of thp terrestrial orbit, a 
c-ause of decreasing, 73 ; law equal- 
ising, 74; geological changes af- 
fecting, 75. 

— , varying in the terrestrial at- 
mosphere, zone of constant, 119 ; 
affecting atraospheriu undulations, 
121 ; modifying the velocity of 
sound, 134; chemical action of 
light affected by, 218-222 ; of the 
ethereal medium, 227, 228 ; under- 
ground stratum of constant, 228; 
rate of increase in, below the earth’s 
crust, 228, 231 ; of the ocean, 
231 ; mode of fluding annual aver- 
age, 239 ; causes of •disturbance 
in regular variation of, 240-245 ; 
variations in the same latitude, 
246,^.247 ; influence of, on vegeta- 
tion, 248; afiecting ti'ansmisslon 
of heat, 259 , 260 ; of solid bbdies, 
caused by absorption of rays, 268 ; 
affecting the length of the pend u- 



INDEX. 


619 


Tli NKIIIFFK. 

luin, 272 ; causes of perpetual 
variations in, 274 ; transmission of 
electricity affecteil by, 284 ; aflect- 
in^r luaguetism, 352. 

Tcno’ifTe, the Peak of, prevailing 
winds on, 124; lunar heat on, 227 ; 
aon* of vegetation, 250 ; ,pharacter 
of its flora, 252. 

Terrestrial globe, the, a magnet, 336. 

magnetism, 341-343 ; the three 

elements and their variations, 343, 
344 ; storms, period of their varia- 
tion, 344 ; its connexion with solar 
magnetism, tb,'; eflbet of atmo- 
spheric magnetism on, 345 ; pro- 
bable cause of, 346 ; effect of 
planetary magnotisrn on, 346, 347. 

meridian, a, defined, 46. 

Tessirlar system of crystallization, 108. 

Texas, monsoons occasioned by its 
deserts, 124* 

Thames, the, period occupied by the 
tidal wave in reaching, 94. 

Thaw, cause of tlio sensible cliiliiness 
of, 276. 

Theory of probabilities, use of, in 
determining astronomical data, GO. 

Thermo-electric currents, discovery 
of, 332 ; plienoniena exhibited by, 
333 ; yjrinciple of, applied to mea- 
suring heat, i»33, 334. 

TheraiogiTiphv, examples of, 219- 

221 . 

Tliermometer, Ibe, pyjjiciplcs aj>j>lied 
to the construction of, 1 13 ; con- 
sulted in determining mountain 
heights, 1 19, 1 20 ; refraction vary- 
ing with, 154 ; heat measured by 
motion in, 274. • 

Tlicnnoiiiultiplier, use of, in experi- 
ineiits, 264; principle of its con- 
struction, 333, 334. 

Theta Orionis, the multiple system 
of, 395. 

Thibet, wheat ripening in, 250. 

Thomas, St., the island of, luiri'icane 
with pauses at, 1 27. 

Thomson, W., Professor, experiments 
of, in freezing water, 27 1 ; dyna- 
mical theory of heat maintained 
275 note ; his cAleulation of 
the force exerted in vibrations of 


TOintlklALINE. 

light, 279 ; investigation into the 
relat^njf of light and magnetism, 
of the ethereal me- 
diui|^j£^|i^ed by, 356; magnetic 
propffl^^.^^ the ethereal medium 
pleaded for, 357. 

[ Thunder, theory of prolonged peals of, 

j 138. 

Tidal wave, theory of, 02 ; its birth- 
place, 93 ; course of, 93, 94 ; 
velocity, 94 ; effect of depth on its 
motion. 95. 

Tides, calculation from the moon's 
action on, 55; theory of forces 
producing, 91, 92 ; circumstances 
occasioning in egiilarities, 93 ; ms- 
ing, progress ot^ 93, 94 ; three 
kinds of oscillations in, 95, 96 ; 
variations in, from lunar and solar 
influence, 96-98 ; effect of inter- 
ference of waves on, 99 ; the sea's 
equilibrium undeianged by, 100. 

, lunar and diurnal, of the ter- 
restrial atmosphere, 121 ; examples 
of sympathetic undulation, 148. 

Time, a measure of motion, 58 ; a 
measure of angular motion, 83 ; 
difference between mean and ap- 
parent solar, 84 ; mean equinoctial, 
mode of computing its object, 86 ; 
estimation ofj cori*ected by means 
of laws of unequal expansion, 272. 

Timocharis, comparisou of his obser- 
vations with Hippvtihus, 80. 

Tomboro, submerged in a volcanic 
eruption, 233. 

Toiq)edo, the, electrical action of, 310, 
311. 

Torrccelian vacuum, experiment on 
the electric discharge in the, 306 ; 
lines of magnetic force passing 
through, 344. 

Torronto, observations on magnetic 
storms at, 346, 

Toucan, comet approaching the con- 
stellation of, 379 ; a nebula in, 41 4. 

Toucani, 47 ; globular nebulous clus- 
ter, 414. 

Tourmaline, brown, light polarized 
by prisms of, 180 ; property quali- 
fying it to analyze polariz^ light, 
]^2 ; coloured images produced by, 
2 A 2 
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TRADE. 

186, 187 ; changed by compi-essicij, 

1 89 ; heat polarized by* 265 ; elec* 
tricity communicated to, 284k 
Trade winds, friction ol^ not affecting 
the earth's velocity, action on 
the general motion of the sea, 100 ; 
system of, accounting for atmo- 
spheric anomalies, 120 ; theory 
of their origin, phenomena . con- 
nected with, 122, 123; becoming 
monsoons, 124. 

Transits of Venus, 52, 53. 

— , two consecutive, of any star, a 
measure of time, 83. 

Transmission of radiant heat, 258, 
j262 ; of electricity, 284, 285 ; of 
voltaic electricity, 298 ; molecular 
structure affecting, 303 ; method 
of, determining the influence of 
electric currents, 317 ; of gravity, 
an unsolved question, 355 ; pro- 
bable agent, 356; medium of, in 
space, 424. 

Transparent bodies, temperature of, 
unaffected by the sun’s rays, 227. 
Trees, number of species of forest, 
found in America and Europe, 252. 
Tribes, apparently distinct, of the 
human race, 255. 

Triple stars, 395 ; periods of revolu- 
» tion in, 400, 

Tropical year, change in its length, 
80 ; period of, 83 ; difficulty of 
adjusting its estimation, 85. 

revolution of the major axis of 

the solar ellipse, its peri^, 86. 
— vegetation, the luxuriance of, 
248. 

Tuileries, clock in the, showing deci- 
mal time, 84. 

Twilight, caused by refraction, 154 ; 

effect of reflection, 158. 

Tyndall, Professor, his experimente 
proving diamagnetic polity, 348 ; 
oii magnetic action in ci^tals, 349. 

Undulations, theory of, 99 ; of the 
atmosphere, 121, 122 ; of the 
waves of sound, 129, 180^ inter- 
vals produced by inteiferOKlce!; 139 ; 
giving musical notes, i||9if 143 ; 
, aympathelic, 147, 149if ilf^tbe 


VALZ, 

luminous ether, 169, 170 ; in re- 
fraction and reflection, 177 ; pro- 
ducing fluorescence, 197 ; different, 
in light and sound, 199, 200 ; con- 
stituting a sunbeaiUi 223 ; heat 
propagated by, 267 ; of lightj^evolu- 
tion 0 ^ latent force in extinguished, 
279, 280 ; of natural forces identi- 
cal, .281. 

Undulatory tlieory of light, 1^-170 ; 
law of motion affecting, ItB, 177 ; 
phenomena proving, 198 ; objection, 
from the different action of light 
and sound, refuted, 199 ; proving 
the existence of the ethereal medium, 
358 ; acceleration in comet's mo- 
tion proving, 367. 

theory, experiments determin- 
ing in favour of, 200, 201 ; final 
and decisive experipaent, 202; of 
heat, 267. 

Unison, note in, 142. 

United States, astronomical observa- 
tions made in, 371,’ 373, 

Uranium, phosphorescent property of, 
296 ; peculiar luminous properti’es 
of, 296. 

Uranus, effect of recipi^al attraction 
between Neptune and, 22 ; periods 
of the rovolutipns of his satellites, 
33; distance from the sun, 54: ; 
astronomical tables of, 60; ^^- 
very suggested by his pertifl|®idiw, 
61 ; obser^tions on, to 

Neptune's m^oveiy, 6.2 j^wiitt's in- 
fluence im 225; action bft oh Hal- 
ley's conRtp 363 ; appwtrtihce of the 
sun to, 380, 381 iu his 

orbit, 38P, 382. 

Ursa Major, periodic time of a double 
star in, 398; nebulous regidn of, 417. 

Utah, deserts of, causing monsoons, 
124. 

Vacuum produced by sb^lt^sh, 117 ; 
existiiig;.iuAhe air) 118;* 

Valz, 0(6copic discovered 
by^ 21 ; comet by, 358 ; 

obs^vations ^ita^Vs approach 
t(f the 8u;^> ^4; cause assigned 
by, for ih diameter of 

com»t«^3i77; 378. 
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VAPOUK. 

Vapour, formation and dispersion of, 
2(59, 270 ; force developing, 277. 

Variable stars, periodic fluctuation of 
lustre in, 390, 391 ; new, appear- 
ing and vanishing, 392, 394: miss- 
ing, 395. ^ 

Variables, region of the, 122. 

Vegetation, efiect of, in lowering tem- 
perature, 243 ; tiie two requisites 
for, ^48 ; strength and vitality of, 
249 ; chemical action of light in- 
fluencing, t6. ; laws of its distribu-* 
tioii, 249-252 ; distribution of 
marine, 252, 253 ; theories of 
specifle diversity of original distri- 
bution of, 253, 254. 

Veitch, James, comet with luminous 
rings discovered by, 374, 375. 

Venus, zone of instability between 
the sun and, 21 ; perturbation in 
the mean motion of the earth and, 
26; eclipsing Mercifry, 42; tran- 
sits of, pai'allaxes calculated from, 
52, 53 ; .astronomical tables of, 63 ; 
climate, 226. 

Vernal equinox, planetary motions 
estimate from, 9. 

Vesta, astronomical tables of, 63 ; no 
atmosphere surrounding, 226. 

Ve.su vius, revived volcanic action of, 
234. 


Vibrating plates used in exjieriments 
on musical sound, 144, 147. 
Vibrations of the air producing sound, 
129; in music, 131; number made by 
the human voice in a second, 132. 


— of the ether in natural and po- 
larized light, 193; in fluorescence 

E 96 ; plane of,dn polarized 

1 . 

do, comet discovered by, 

‘n^ations on comets from, 

revival of an extinct 
i, 234. 

daguerreotyped spectral 
allied in, 213. 
etary conju&ction between 
d, 42 ; voidable star in, 
ir vanished from, 395; 
zone i«Bsing, 416, 417. 


WATER. 

Viviers, transit of a comet across the 
sun observed from, 374. 

Volcanic regions of the globe, 232 ; 
annual number* of eruptions, 233 ; 
celebrated eruptions, ib. ; earth- 
quakes caused by, 234; supposeil 
causes of action, 235; Sir John 
HerschePs theory, 235-237. 

Volta, Professor,, electricity renderetl 
manageable by, 297 ; the world’s 
debt to, 328. 

Voltaic electricity, fimt suggestions 
of, 297 ; theory of the transmission 
of, 298 ; construction of the bat- 
tery, 298, 299 ; theory of its pro- 
duction, 300 ; characteristic pro- 
perties, 300, 301 ; action of, gene- 
rating heat and light, 301-303 ; 
arc, experiments, 303-305 ; the, 
discharge oxidizing silver, 30.5, 
306 ; sti-atified liglit, 306, 307 ; 
chemical decomposition eifected by 
agency of, 307, 308 ; crystalliza- 
tion, 308 ; an agent in the fine arts, 
809 ; cquductoi's of, ib, ; relations 
of heat and, 310; fish producing 
cflects of, 310, 311; .science sug- 
gested by its influence on a mag- 
netized needle, 312 ; rotation ef- 
fected by, 313, 314; inducing 
magnetism, 314, 315; distinction 
between static electricity and, 317 ; 
unvarying dual force of, 334. 

Voltaic pile, the, invention of, 297 ; 
pei'fected, 298-300. 

Vortices, molecular, theory of, 104. 

Vos^s mountains, temperature of 
mines in the, 228. 

Vulpeciila, nebula in, 409, 

Wardhub, transit of Venus obsen’ed 
at, 53. 

Watches, irregular action of, corrected 
by the taws of unequal expansion, 
272. • 

Water, constituent parts of, 111 ; 
boiling point of, an estimate of' 
mountain heights, 120 ; as a me- 
dium for sound, 135; light polar- 
ized circularly by, 194 ; experiment 
deciding the velocity of light in, 
202; law of expansion of, 271; 
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WATERSPOUTS. 

process of congelation, 276 ; boil- 
ing points of, 277 ; detJomposed by 
electric agency, 607 ; as an electric 
conductor, 309 ^ rotating by elec- 
tricity, 314. 

Waterspouts, origin and caiisc of, 128. 

Waterstone, Mr., magnetic propeity 
of the ethereal medium maintained 
by, 3.57. 

Waves neutralized by interference, 99. 

— ■ atmospheric, over local districts, 

periods, dimensions of, 121, 122. 

— of sound, 1.31 ; furnishing an 
illustration of reflections of sound I 
•and light, 137 ; interference of, pro- | 
ducing calm, 130. 

Wedgwood, Dr., attempts of, to trace 
objects by means of light, 203, 204. 

Week, the, of seven days, the most 
.ancient and universal division of 
time, 85. 

Wells, increase of temperature in, 
230,231. 

Wclsli, Mr., observations made by, in 
a balloon ascent, 119. 

West Indies, the, cause of lmiTic.niies 
in, 126. 

Wheels invented to test intensity of 
sound, 132, 133. 

Wheat, range of its cultivation, 250. 

Wheatstone, Professor, experiments in 
acoastics of, 182 ; musical instru- 
ments invented by, 143 ; paper on 
musical vibrations read by, 145; 
expiudmeiits on sounding boards of, 
150 ; experiments on sound rein- 
forced by resonance, 151 ; instru- 
ment measuring velocities of elec- 
tricity and light Invented by, 202 ; 
spectrum of an electric spaik ob- 
served, 289 ; speed of electricity 
measured, 289, 290 ; experiments 
on the spectrum of Voltaic Hame, 
303. ^ 

Willis, Mr., articulating TOchine in- 
vented by, 151; investigations of, 
into the mechanism of the larynx, 
152. 

Winds, trade, 122, 123; monsoons, 
124; extra-tropical, in the North 
Atlantic, ib , ; currents above the 
trade winds, 124, 125 ; pheno- 


ZBTA. 

mena of rotatory motion, 125 ; 
hurricanes, 125, 128 ; agency of, in- 
fiiieiicing tempcratuii>, 244, 245. 

Wines, range of cultivation of the 
best, 250. 

Winter, atmospheric electricity in, 
291. ® 

, mean temperature of, varying in 

the same latitude, 246, 247. 

Wolf, Professor, periods of variation 
in solar heat computed by, 225. 

Wollaston, Dr,, experiments of, on 
sensitiveness to sound, qnotatiou 
f^om, 132 ; experiment of, to show 
the effect of variable media on re- 
fraction, 156 ; discovery of rayless 
lines in the solar spectrum, 162 ; 
observations of, on the chemitjal 
properties of the solar spectrum, 
203, 209; magnetic rotation sug- 
gested by, 313; light emitted by 
the heavenly bodies calculated, 404. 

Xf UrsflB Majoris, periodic time of, 
398 ; velocity of llie revolving sUu-, 
400. 

Year, a, in Jupiter and Saturn, 66 ; 
tropical change in its length, 80 ; 
length of the sidereal, ib. ; period 
of the mean, 83 ; estimation of the 
Egyptian, 85 ; first of our era, 8G ; 
length of the, affected by a comet’s 
passage, 359. 

Young, Dr., his calculation of- the 
possible compression of solids, 78 ; 
date of a horoscope determined by, 
89 ; density of -a liquid cnliunii 
estimated by, 114; exception a<l- 
duced by, to a' general law in 
•acoustics!, 137 ; his theory of the 
pleasures of harmony, 142 ; undu- 
iatory theory estiiblished by, 169 ; 
djita used by, to test his theory of 
light, 175 ; illustration of, proving 
sound and heat kindred forces, 280, 
281. 

Zeta Cancri, a triple atar, .395 ; 
periodic time of, 398 , revolution, 
400 ; colours, 40l. 
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ZETA. 


Zeta Herciilis, pcnodic time, eclipse 
. of, 398 ; light, 402. . 

Zinc, seleniate of, effect of tempera- 
ture on its crystals, 107; sulphate 
of, its ciys^nls boiled in alcoliol. 


108 

— — , electricity communicated to 
plates nf, 220. 

Zodiac, tiic, signs of, change in their 
positions, 80. 

Zone of const.mt temjioraturo in the 
atmosphere, 119 ; laws of storms 
in the temperate and torrid, 127, 
128 ; of spots on the sun’s surface, 
its bieadth, 224 ; of constant Icm- j 


ZOdl’HYTKS. 

perature below the eailh's crust, 
228 ; comparative unequal distri- 
bution of land ill temperate and 
torrid, 244 ; of fixed stans, 385 ; 
of stars nearest the sun, 390 ; ne- 
bulous, 416; of nebulous patches, 
417 ; of meteoric nebulae, 423. 

Zones of instability of planetary orbits, 

21 . 

of temperature in the ocean, 

101 . 

of vegetation on the Peak of 

Teneriffe, 250. 

Zoophytes, specific distribution of, 
*254. 


THK END. 
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Spiral jiebul.'c of 5 1 Moissier, as seen by Lord liosse. 

Fig. 2. 









Albemaulk StbKkt, LoNr/ON. 
Janmry , 16(j0. 


MRJSIURKAyS 

GENERAL LIST OF WORKS. 


ABBOTT’S (TIky. J.) Musgriive; or,. Memoirs of a Church of 

JCii^'lund MissMiii.try in th« North Annirittnu (.'ohtnit-s. Tost Svo. 2s. Gd. 

ABERCltOM Bl B’S (John, M..1).) Eiujuirics concerning the Intel- 

h'otnal Powers and tlm Investigation of Truth. Fijir.tnth Edition. 
Fcap. tivo. Gs. Gd. 

Philosophy of the Moral Feelings. Ttoeijth 

Ediinm. Fcaji.Bvo. 'l.v. 

Pathological and Practical Piosearchcs on the 

J)i.si !isi;s of flu', Btoniiicii. itc. Thit-d EUitont. i'l.iip. Bvu. (w. 
ACLANM)', - (liny. Charles) Popular Account of the Maimers and 

(.^i ^’(iiiisolTmliji. l’i).st.Svo. 

ADDISON’S WORKS. A Ke>v Edition, w’ifh a Kevt*^ Life and 

NiC-s. lly Ihp'. \YumvKi.L Kiavjn. 4 Vol.s. 8vo. lu iirriiamtiun. 

ADOLPilPS'S (J. L.) Letters from Spain, in 1850 and 1857. 

IViStsvu. io.sm;,/. 

AlSClIVLUS. (The Aganicmncn and Choephorre.) Ediied, 'with 

Nut os. ijy AV. Pku.k, I>.D. Eccond Kdition. 2 Vols. Svo. 
v...-,-h. ^ 

AiSOP:.) FABLES. A Kew Translation. AVith }Iist(»rical 

i'.ofico, I’.y Ih'.v, Thomas .1 amks, M.A. AVitii 100 \Vo(^outs, by John 
. l'i.x\i#L .ind .j , \Vo»a\ 2Gth Tuvasnnd. Post Svo. 2s. Gd. 

AGRICPLTURAL (The) Journal. Of the Royal Agricultural 

Socii'ty of Kiighiiid. Svo. I0.v. Pnhll\hi'd ludf -y early, 

AMBER WITCRI (The). The mo.st intcrc.stiiig Trial for Wiich- 

rijil't ovor knoivn. Translated from iho Ijiornniu by Laov 
(J ouuoN. Post Svo. 2.V. (Id. 

AllABIAN NIOUTS EXTKUTAINMENT. Translated fi»in the 

Arahi'*, witl» I' xidanatm’v Notvs. Uy E. W. Lank. .1 AVk.' EUdina. 
Ediu d by E. Stani.ky Pooi.K. With (500 Woodcuts. 2 Vols. Svo. 42.s\ 

ARTHUR’S (Little) History of England. By Lady Callcott. 

Xitietcenth Edition. With 20 Woodcuts, EcaiJ.Svo. 2.s‘. 6t2. 

AUNT IDA’S Walks and Talks; a Story Book for Children. By 

a Lady. Wootlcuts. IGino. 6s, 

AUSTIN’S (Sarah) •’raginents from German Prose Writers. 
With Biographical Notes. Post 8vo. 10s. 

Translation of Ranke’s History of the Popes of Home. 

Third Edition. 2 Vols. Svo, 24^. 




Albemarle Street, Lokdoe. 
January^ 1660. 


MR^UREAyS 

GENERAL LIST OF WORKS. 


ABBOTT’S (IIkv. J.) Philip Musgrave; or,, Memoirs of a Church of 

Eiif'laiid Missionary in the North Aniericaii Colonies. Post 8vo. 2«.Gd. 

ABEllCllOMBIE’S (John, M.D.) Enquiries concerning the Intel- 
lectual Powers and the Investigation of Truth, Fifteenth Edition. 
Fcap. 8vo. 6.S. 

Philosophy of the Moral Feelings. Twelfth 

Edition, reap. 8vo. 4s. • * 

- - — Pathological and Practical Kcsearches on the 

Disea ‘ics of the Stoimich, &c. Third Edition. Fcap. Svo. 6s. 

ACIjAND’S (Rkv. Charles) Popular Account of the Manners and 

Custoius of India. Post Svo. 2s.6d. 

ADDISON’S WORKS. A New Edition, with a New Life and 

Kotos. Uy Key. Wuitwbll Elwin. 4 Vols. Svo. Jn 2 >reparatiori. 

ADOLPHUS'S (J, L.) Letters from Spain, in 1856 and 1857. 

J’ost 8vo. lO.s’. 6d. 

iESCHYIiUS. (The Agamemnon and Choephoroe.) Edited, with 

NotfS. By Ka|. W. Peile, D.D. Second Edition. 2 Vols. Svo. Uj. 
each. " 

AilSOP'S FABLES. A New Translatipn. With Historical 

Preface. By Kcv. Thomas tJA>iE.s, M.A. Witii 100 Wo^cuts, by John 
. Ti-jxNitL «nd J. Woi.K. iOth Thousand. Post 8vo. 2$ , 

AGRICl!LTURxVL (The) Journal. Of the Royal Agricultural 

Society of l-higland. Svo. 10s. Published ha} f -yearly. 

AMBER-WITCH (The). The most interesting Trial for Witch- 
craft ever known. Translated from the German b> Ladv Duff 
Gordon. Post Svo. 2s. 6d. 

ARABIAN NIGHTS ENTERTAINMENT. Translated fiMunthc 

Arabh*, with Fxplaniitory Notes. By E. W. Dank. A New Edition. 
Edited by E. Stanley I’ooLfc. With 600 Woodcuts. 3 Vols. Svo. 42s. 

ARTHUR’S (Little) History of England. By Lady Calloott. 

Nineteenth Edition. W ith 20 Woodcuts. Fcap. Svo. 2s. 6d. 

AUNT IDA’S Walks and Talks ; a Story Book for Children. By 

a Lad'v. Woodcuts. 16nio. 6s. 

AUSTIN’S (Sarah) fragments from German Prose Writers, 
With Biographical Ilbtes. Post Svo. 10s. 

Translation of Ranke’s History of the Popes of Home. 

Third Edition. 2 Vols. Svo. 24s. . 



LIST OP WORKS 




; ADMIRALTY PUBLICATIONS ; Issued by direcUon of the Lords 

Conunissioiicrs of tl.o Admiralty:— 

1. A MANUAL OF SCIENTIFIC ENQUIRY, for the Use of Travellers 

in General. By Various Hands. Edited by Sir John F.Hbrschel, 
Bart. Third Edition, revised by Rev. Rhuert Main. Woodcuts. 
Post 8vo. 9s. . * 

2. AIRY’S ASTRONOMICAL OBSERVATIONS made at Gbb'knwioh, 

1836 to 1847. Royal 4to. 50s.e»ch. 

ASTRONOMICAL R£SUL1§. 1848 to 1857. 4to. 8s. each. 

8. APPENDICES TO THE 4i.STRONOMICAL OBSEKVA- 

TIONS. 

1836. — I. Bossers Refraction Tables. 

II. Tables for converting Errors of R.A. and N.P.D. 
into Errors of Longitude and Ecliptic P.D. I 

1837. — I. Logarithms of Sines and Cosines to every Ten”) 

Seconds of Time. 

II. Table forconverting Sidereal into Mean Solar Time. J 
1842. — Catalogue of 1439 Star.s. 8*. 

1845. — Longitude of^Valentia, 8.9. 

1847.— Twelve Years’ Catalogiie of Stars. 14s. 

1851. — Maskelyne’s Ledger of Stars. Gs. 

1852. — I. Description of the Transit Circle. 5s. 

II. Regulations of ihe Royal Observatory. 2s. 

1853. — Bessers Refraction Tables. 3s. 

1854; — I. Description of the Zenith Tube. 3s. 

II. Six Years’ Catalogue of Stars. 10s. 

1856.— Description of the Galvanic .Apparatus at Greenwich Ob- 
servatory. 8s. 

4. MAGNETICAL AND METEOROLOGICAL OBSERVA- 

TIONS. 1840 to 1847. Royal 4to. 60s. each. 

MAGNETiAl and METEOROLOGICAL RESULTS. 

1848 to 1857^. 4ro. 8s. each. 

6. ASTRONOMICAL, MAGNETICAL, ^ AND METEOROLO- 

GICAL OBSERVATIONS, 1848 to 1867. Royal 4to. 60s. each. 

6. REDUCTION OF THE OBSERVATIONS OP PLANETS, 

1750 to 1830. Royal 4to. 60s. 

7. LUNAR OBSERVATIONS. 1760 

to 1830. 3 Vols. Royal 4to. 60s. each. 

8. BERNOULLI’S SEXCENTENARY TABLE. London, 1779. 4to. 

9. BESSEL’S AUXILIARY TABLES FOR HIS METHOD OF CLEAR- 

lN(i LUNAR DISTANCES. 8vo. 

10. - - FUNDAMENTA ASTRONOMI Begiomontii, ftl8. Folio. 60s; 

11. BIRD’S METHOD OP CONSTRUCTING MURAL QUADRANTS. 

London, 4to. 2a. M. 

12. METHOD OF DIVIDING ASTRONOMICAL INSTRU- 

MENTS. liOndon,\m. 4to. 2s. 6d. ^ 

13. COOK, KING, A»D BAYLY’S ASTRONOMICAL OBSERVATIONS. 

London, 11B&. 4to. 21s. 

14. EfJPFE’S ACCOUNT OF IMPROVEMENTS IN CHRONOMETERS. 

4to. 2s. • 

16. ENCKE’S BERLINER JAHRBUCH, for 1830. Berlin, 1828. 8vo. 9s. 

16. GROOMBRIDGE’S CATALOGUE OP CIRCUMPOLAR STARS. 

4to. 10s. 

17. HANSEN’S TABLES DE LA LUNB. 4to. 20s. 

17. HARRISON’S PRINCIPLES OP HIS TIME-KEEPER. Plates. 

1767. 4to. 6f. ^ 

18. HUTTON’S TABLES OP THE PRODUCTS AND POWERS OP 

NUMBERS. 1781. Folio. 7s. 6d. 

19. LArS TABLES FOR FINDING THE LATITUDE AND LONGI- 

TUDE. 1821. 8vo. 10s. 


PUBLISHED BY MR. MURRAY. 


3 


Admiralty Publications— cwifiwwef?. 

20. LUNAR OBSERVATIONS at GREENWICH. 1783161819. Compared 

with the Tables, 1821. 4to. 7s. Gd. 

22. MASKELYNE’S ACCOUNT OF THE GOING OF HARRISON’ 
WATCH. 1767. 4to. 2s. 6d. 

21. MAYER’S DISTANCES of the MOON’S CENTRE from the 

PLANETS. 1822, 3s.; 1823, 4s. 6d. 1824 to 1835, 8vo. 4s. each. 

,»3. THEORIA LUNiE JUXTA SYSTEMA NEWTONIANUM 

4to. 2s. Gd. 

24. TARULiE MOTUUM SOLIS ET LUNAi. 1770. 4to. 6s. 

25. - ASTRONOMICAL OBSERVATIONS MADE AT GOT- 

TINGEN, from 1756 to 1761. 1826. Folio. 7s. Gd. 

26. NAUTICAL ALMANACS, from 1767 to 1861. 8vo. 2s. 6d. each. 

27. SELECTIONS FROM THE ADDITIONS 

up to 1812. 8vo. 5s. 181^-54. 8vo. 6s. 

28. - SUPPLEMENTS, 1828 to 1833, 1837 and 1838. 

8vo. 2s. each. 

2j). — TABLE requisite to be used with the N.A. 

1781. 8vo. 6s. 

30. POND’S ASTRONOMICAL OBSERVATIONS. 1811 to 1835. 4to. 215. 

each. 

31. RAMSDEN’S ENGINE for Divimxo Matuematjcal LssiTRUMKKXS. 

4to. 65. 

*32. — ENGINE for Dmwxa STBATonx Links. 4to. 6s. 

03. SABINE’S PENDULUM EXPERIMENTS to Dktebmi.vis the Figure 
OK THE Earth. 1823. 4to, 40s. 

31. SHEPHERD’S TABLES for COBitKOT||o Lunar Distances. 1772. 
Royal 4to. 21s. 

35. TABLES,* GENERAL, of the MOON’S DISTANCE 

from the SUN, and 10 STi^iS. 1787. Folio. 6s. 6d. 
i6. TAYLOR’S SEXAGESIMAL TABLE. 1780. 4to. 15s. 

37. TABLES jOF LOGARITHMS. 4fo. 31. 

:k!. TIARK’S ASTRONOMICAL OBSERVATIONS for the LonouWb 
ofMADKMtA. 1822. 4to. 5s. 

- • CIIRONOMETRICAL OBSERVATIONS for Dikferencks 
of Longitude betweeu Dover, Poutsuouth, aud Falmouth. 1623. 
4to. 6s. 

40. VENUS and JUPITER: Orsebyations of, compared with the Tables. 

London, 1822. 4to. 2s. 

41. WALES’ AND B.WLY’S aStRONOMICAL OBSERVATIONS. 

1777. 4to. 21s. 

42. WALES’ REDUCTION OP ASTRONOMICAL OBSERVATIONS 

MADE IN THE SOUTHERN HEMlSrUERE. 1764—1771. 1788. 4tO. 
lOs. 6d. 

BABBAGE’S (Charles) Economy of Machinery and Manufactures. 

Jfburth Edition. Fcap. 8vo. 6s. 

Ninth Bridgewater Treatise. 8vo. 9a. 6c?." 

Beflections on the Decline of Science in England, 

and an some of its Causes. 4to. 7s. 6d. 

Views of the Industry, the Science, and the Govern- 
ment of England, 1851. Second Edition, Qvo, 74. 6d. 

B 8 



4 


LIST OF WORKS 


BAIKIE’S (W. B.) Narrative of an Exploring Voyage up the Rivers 

Quorra and Tshadda in 1854. Map. 8vo; 16«. 

BANKES* (George) Story ov Corfb Castle, with documents relating 
to the Time of the Civil Wars, &c. Woodcuts. Post 8vo. lOs. 6e(. 

BASSOMPIERRE'S Memoirs of his Embassy to the Court of^ 

England in 1626. Translated with Notes. 8vo. 95. 6<2. 

BARROW’S (Sir John) Autobiogi’aphical Memoir, including 

Reflections, Observations, and Reminiscences at Home and Abroad. 
From Early Life to Advanced Age. Portrait. 8vo. 16s. 

Voyages of Discovery and Research within the 

Arctic Regions, from 1818 to the present time. Abridged and ar* 
ranged from the Official Narratives.: 8vo. 155. 

(Sir George) Ceylon; Past and Present. Map. 

PostSvo. 65. 6(i. 

(John) Naval Worthies of Queen Elizabeth’s Reign, 

their Gallant Deeds, Daring Adventures, and Services in the infant state 
of the Uritish Navy. 8vo. 145. 

— ^ Life and Voyages of Sir Francis Drake. With nume- 

rous Original Letters. Post 8vo. 25. 6c/. 

BEES AND FLOWERS. Two Essays. By Rev. Thomas James. 

Reprinted from the “ Quarterly Review.” Fcap. 8vo. l5. each. 

BELL’S (Sir Charles) Mechanism and Vital Endowments of the 
Hand as evincing Design. Sixth Edition. Woodcuts. PostSvo. 75. 6</. 

BENEDICT’S (Jules) Sketch of the Life and Works of Felix 

Mendel.ssolin Partholdy. Secoftd Edition. 8vo. 25. Qd, 

BERTHA’S Journal during a Visit to her Uncle in England. 
Containing a Variety of Interesting and Instructive Information. Seifeitth 
Edition. Woodcuts. 12mo. 75. 6(/, 

BIRCH’S (Samuel) History of Ancient '^Pottery and Porcelain : 

Egyptian, As«)yrian, Greek, Roman, andKtruscan. With 200 lllustra- 
2 Vols. Medium 8vo. 425.' 

BLUNT’S (Rev. J. J.) Principles for the proper understanding of 

the Mosaic Writings, stated and applied, together with a»i Iiindental 
Argument, for the truth of the Resurrection of our Lord. Being the 
tions. Hulsican Lkctures for 1832. PostSvo.* 65.6c/. 

Undesigned Coincidences in the Writings of the Old 

and New •Testament, an Argument of their Voracity : with an 
Appendix containing Undesigned Coincidences between the Gospels 
Acts, and Josephus. Sixth Edition, PostSvo. 75. 6(/. 

History of the Church in the First Three Centuries. 

Second Edition, 8vo. 95. Gd, 

Parish Priest; His Duties, Acquirements and Obliga- 

tions. Third Edition. Post 8vo. 75. Gd, 

liectiires on the Right Use of the Early Fathers. 

Second Edition. 8vo. 155.. . 

Plain Eermons Preached to a Country Congregation. 

Second Edition,^ 2 Yols. Post 8yo. 75. Gd. each 



PUBLISHED BY MR. MURRAY. 


BLACKSTONES CoMML^TARIES on the Laivs of England. A 

New 1 dition, adapted to the present state of the 1 w By R Malcolx 
KP itn, LLD 1 Vols 8vo 42? 

- — — — FOR STUDE^TS Being those Por- 

tions of the above work which iclite to the British Constitution 
and the Rk H 18 01 Pfrsoxs ByK MALfoiAiKERB LLD SucondThou 
sand Post 8vo 9s 

BLAINE (Robfrton) on the Laws of Artistic Copynght and their 
Defects tor Aitists, Lngi ivers, Piintselleis, <&c 8vo 3s dd 

BOOK OP COMMON PRAYER With 1000 Illustrations of 
Boiders, Initials, and Woodcut \ignettcs A Aeio Idition Medium 
8vo 21s clothf 31& (xi ca{/, oi 429 morocco 

BOSWELL’S (James) Life of Dr Johnson. Including the Tour to 
the Hebrides IditedbyMi Ciokfr rhudLditim Poi traits Royal 
8vo 109 seivcd, 129 cloth 

BORROW S (Georgl) Lavengro ; The Scholar — The Gipsy — and 

thePiiest Portiut 3 Vols Postbvo 309 

Romany R}C, a Sequel to Lavengro Second 

* jLhtion 2 Vols Post&\o 219 

Bible in Spain, or the Journeys, Adventures, and 

Impiisonmeuts of an 1 nglishman in an Attempt to ciiculate the 
Sciiptures in the PeninsiiU 3 Vols Post 8vo 279 , oi Dopulai 1 htion 
16mo, 69 

Zmcali, or the Gipsies of Spam, their Manners, 
Customs Kehgion, and Language 2 Vols Post 8vo IS? oi Popular 
2 I iion lOmo, 69. 

BRAY’S (Mrs) Life of Thomas Stothard, RA. With Personal 

R( nnnisci nccs Illusti itcd with Portiait and 60 Woodcuts of his 
chief wuiks 4to 

ABREWS TER S (Sir David) Maityrs of Science, or the Lives of 

Lalileo, Tjsho HrOie, and Kephr JoiUhlAition leap 8vo. 4« 3d 

More Worlds than One The Creed of the Philo- 

fiophci and the Hope of the Ohiistian J g/thLdilwn Post8vo 6s, 

— Stereoscope its Ilistorj, Theory, Construction, 

and Application to the Arts and to 1 ducation V\ oodcuts 12mo 
69 6d • 

— Kaleidobcope its History, Theory and Construction, 

with its application to the line and Lseful Arts Second Edition 
Woodcuts Pohtbvo 6s 6d 

BRITISH ASSOCIATION REPORTS 8vo York and Oxford, 

1831 32 139 6i C ambndge, 1833, 12s Ldinbm gh, 1834 15f t)ublm, 
1836, 139 6d Bribtol, 18)6 lis •Liveipool, 1837 169 6d NewcaBtl& 
1838, 15s Birmingham 1839 139 6i Glasgow, 1840 16s Plymouth 
1841, 13t Cd Manchester, 1842 IO9 6d Coik, 1843,129 York 1844 
209 Cambiidge 1845 129 bouthampton 1846 I69 Oxford 1847,189 
Swansea 1848 S 9 BiiminghRro,1849,lU« Ldmbuigh 1860,169 Ipswich, 
1851, 169 6d Belfast 1 no 2 159 Hull 185S, IO9 6d Liverpool, 1854, 18s 
Glasgow, 1856, 15s , Ohcltenham, ISab, 18s, Dublin, 1857, 16s, Leeds, 
1858, 20s 




6 


LIST K)V WORKS 


BRITISH CLASSICS. A New Series of Standard English 
AntliorH, printed from the most correct text, and edited with elucida- 
tory notes. Published occasionally in deniy 8vo. Volumes. 

Already Jhtblished. 

.GOLDSMITH’S WORKS. Edited by Peter Cunningham, P.S.A. 

Vignettes. 4 Vols. P.Oa. ^ ^ 

GIBBON’S DECLINE AND FALL OP TUB ROMAN EMPIRE. 
Edited by William Smith, LL.D. Portrait and Maps. 8 Vols. 60*. 
^JOHNSON’S LIVES OF THE ENGLISH POETS. Edited by Peter 
Cunningham, F.S.A. 3 Vols. 225. 

/BYRON’S POETICAL WORKS. Edited, with Notes. 6 vols. 455. 

In Preparation, 

/ WORKS OP POPE. Edited, with Notes. 

/ WORKS OP DRYDEN. Edited, with Notes. 

./HUME’S HISTORY OF ENGLAND. Edited, with Notes. 

^LIFE, LETTERS, AND JOURNALS' OP SWIFT. By John Forster. 
/WORKS OF SWIFT. Edited by John Forster. 

BROUGHTON’S (Lord) Journey through Albania and other 

Provinces of Turkey in Europe and Asia, to Constantinople, 1809-*-10. 
Third Kdiiion. Maps and Woodcuts. 2 Vols. 8vo. 305. 

Visits to Italy, from the Year 1816 to 1824. 

Second Edition, 2 vols. PostSvo. 185. 

BUBBLES FROM THE BRUNNEN OF NASSAU. By an Old 

Man. Sixth Edition. 16mo. 05 . 

BUNBURY’S (C. J. F.) Journal of a Residence at the Cape of Good 

Hope; with Excursions into the Interior, and Notes on the Natural 
History and Native Tribes of the Country. Woodcuts, Post 8vo. 95. 

^BUNYAN (John) and Oliver Cromwell. Select Biographies. By 
Robert Southey. PostSvo. 25. 6d. 

BUONAPARTE'S (Napoleon) Confidential Correspondence with his 

Brother Joseph, sometime King of Spain. Second Edition. 2 vols. 8vo. 
265. 

BURGHERSH’S (Lord) Memoir of the Operations of the Allied 

Armies under Prince Schwarzenberg and Marshal Blucher during the 
latter end of 1813>-14. Svo. 215. • 

• Early Campaigns of the Duke of Wellington in 

Portugal and Spain. 8va. 85. Qd. 

BURGON'S (Rev. J. W.) Portrait of a Christian Gentleman : a 

Memoir of the late Patrick Fraser Ty tier, author of “ The Uiatoxy of 
Scotland.” Second Edition. Post Svo. 95. 

BURN’S (Lieut-Col.) French and English Dictionary of Naval 

^ and Military Technical Tewus. Third Edition, Crown 8vo. I65, 

BURNS' (Robert) Life. By John Gibson Lockhart. Fifth 

Edition. Fcap. Svo. 85. 

BURWS (G. D.) Instmctions in Practical Surveying, Topogra- 
phical Plan Drawing, and on fketching ground without Instruments. 
Third Edition, Woodcuts. Post Svo. 75. 6d. 



PUBLISHED BY MR. MURRAY. 


7 


BUXTON’S i(SiR Powell) Memoirs. With Selections from his 
Correspondence. ByliisSon. Portrait. Fifth Edition. 8vo. 16s. Tba 
same, Post 8vo. 8«. 6d. ; or, an Abridged Edition, Portrait, Fcap. 8vo. 2#. 

BYRON’S (Lord) Life, Letters, and Journals. By Thomas Moore. 

Plates. 6 Vols. Fcap. 8vo. 185. 

— - - Life, Letters, and Journals. By Thomas Moore. Withx 

Portraits. Koyal 8vo. .95., or IO 5 . 6d. in cloth. 

■ Poetical Works. Portrait. 6 Vols, Demy 8vo. 45s. \ 

— - Poetical Works. Plates. 10 Vols. Pcap. 8vo. 30s. 
Poetical Works. With Engravings. Royal 8vo. Os., or 

IO5. 6d. in cloth. 

Poetical Works. Printed in small but beautifully clear 

type. Portrait. Crown 8vo. 95. 

Poetical Works. 8 Vols. 24mo. 20^. 

Childe Harold’s Pilgrimage. Illustrated, with 80 Wood 

Kngravingti. Crown 8vo. 21«. 

Childe Harold. Crown 8vo. i0i?. 6tZ. 

— Childe Harold. 24mo. 2s. 6d. 

— ~ Childe Harold. Portrait and Titles. Pcap. 8vo. 1«. 

— Childe Harold. Portrait. Post 8vo. 6d. 

— Dramas. 2 A^ols. 24mo. 5s. 

Talcs and Poems. 24mo. 2s. Od. 

Miscellaneous. 2 Vols. 24mo. Gs. 

Don Juan and Beppo: 2 Vols. 24mo. Gs. 

— - Beauties, poetry and Prose. Portrait, Pcap. 8vo. 3«. \ 

CARNARVON’S (Lord) Portugal, Gallicia, and the Basque 
Provinces. From Notes made during a Journey to those Countries 
. Third Edition. Post 8vo. 65. 

Archmology of Berkshire. Pcap. 8vo. Itf. 

CAMPBELL’S (Lord) Lives of the Lord Chancellors and Keepers 
of the Great Seal of England. From the Earliest Times to the Death of 
Lord Eldon in 1838. Fourth Edition. 10 Vols. Crown 8vo. 65. each. 

Life of Lord Chancellor Bacon. Pcap. 8vo. 2a. 6d. ^ 

Lives of the Chief Justices of England. Prom ^le 

Norman Conquest to the Death of Lord Tenterden. Second Edition. 

3 Vols. 8vo. 425. 

Shakspeare’s Legal Acquirements Considered. 

8vo. 65 . 6d. 

(George) Modem India. A Sketch of the System 

of Civil Government. With somo. Account of the Natives and Native 
Institutions. Second Edition. 8vo. I65. • 

— - - India as it may be. An Outline of a proposed 

Government and Policy. 8vo. 125. 

* (Thos.) Short Lives of the British Poets. With an • 

Essay on English Poetsyi Post 8vo. 6s. 




8 


LIST OP WORKS 


CALVIN’S (John) Life. With Extracts from his Correspondence 
By Thomas 11. Dyeb. Portrait. 8vo. 155. 

CALLCOTT’S (Lady) Little Arthur’s History of England. 

Nineteenth Edition. With 20 Woodcuts. Fcap. 8vo. 25. 6d. 

CARMICHAEL’S (A. N.) Greek Verbs. Their Formations, 

Irregularities, and Defects. Second Edition. Post 8vo. 85. 6d. * 

CASTLEHEAGH (The) DESPATCHES, from the commencement 

of the official career of the late Viscount Castlereagh to the close of his 
life. Edited by the Mabquis of Londoxdbbry. 12 Vols. 8vo. 145. each. 

CATHC ART’S (Sm George) Commentaries on the War in Russia 

and Germany, 1812*13. Plans. 8vo. 145. 

Military Operations in Kaffraria, which led to the 

Termination of the Kaffir War. Second Edition, 8vo. 125. 

CAVALCASELLE (G. B.) Notices of the Early Flemish Painters ; 

Their Lives and Works. Woodcuts. Post 8vo. 125. 

CHANTREY (Sir Francis). Winged Words on Chantrey’s Wood- 
cocks. ^Edited by Jas.P.Muibusad. Etchings. Square 8vo. 105.6d. 

CHARMED ROE (The) ; or, The Story of the Little Brother and 
Sister. By Otto Sfeckter. Plates. IGnio. 5s. 

COBBOLD’S (Rev. R. H.) Pictures of the Chinese drawn by them- 
selves. With Descriptions. Plates. Crown 8vo. O5. • 

CLAUSEWITZ’S (Carl Von) Campaign of 1812, iu Russia. 

Translated from the German by Loito Ellbsuerb. Map. 8vo. IO5. 6d. 

CLIVE’S (Lord) Life. By Rev. G. R. Glbio, M.A. Post 8vo. 6s. 

COLERIDGE (Samuel Taylor). Specimens of his Table-Talk. 
Fourth Edition. Portrait. Fcap. Svo. 65. 

(Henry Nelson) Inlrodtl^ions to the Study of. 

the Greek Classic Poets. Third Edition. Fcap. 8vo. 5s. 6d, 

COLONIAL LIBRARY. [See Home and Colonial Library.] 

COOKERY (Domestic). Founded on Principles of Economy and 
Practical Knowledge, and adapted for Private Families. New Edition. 
Woodcuts.' Fcap, 8vo. 5s, 

CORNWALLIS (The) Papers and Correspondence during the 

American War,-- Administrations in India,— Union with Ireland, and 
Peace of Amiens. Edited by Cbablkb lioss. Second Edition. 3 Vols. 
Svo. 635. 

CitABBE’S (Rev. George) Life, Letters, and Journals. By his Son. 
Portrait. Fcap. Svo. 35. 

Poetical Works. Plates. 8 Vols. Fcap. 8yo. 24s. 

Poetical Works. Plates. Royal Svo. 10«. 6d. 

ORA IK’S (G. L.) Pursuit of Knowledge under Difficulties. 

New Edition. 2 Vols. Post Svo. 125. 

CURZON’S (Hon. Robert) Visits to the Monasteries of the Levant. 

Fourth Edition. Woodcuts. Post Svo. IQ5. 

Armenia and Erzeroum. A Year on the Frontiers of 

Bussia, Turkey, and Persia. Third Edition. Woodcuts. FostSVb. t8,6d. 




PyBLISHED BY MR. MURRAY, 


9 


CUNNIKGHAM’S (Allan) Life of Sir David Wilkie. With his 
Journals and Critical Kcniarks on Works of Art. Portrait. 3 Yols. 
8vo. 42Si 

• Poems and Songs, Now first col- 

lected and arranged, with Biographical Notice. 24mo 2«. * 

(Oapt. J. D.) History of the Sikhs. From 

the Origin of the Nation to the Battle of the Sutlej. Second Edition 
Maps. 8vo. 16a. 

(Petek) London — Past and Present. A Hand- 
book to tlio Antiquities, Curiosities, Churches, Works of Art, Public 
Buildings, and Places connected with interesting ,and historical asso- 
ciations. ■ Second Edition. PostSvo. 16a. 

— ^ Modern London. A complete Guide for 

Visitors to the Metropolis. Map. 16mo. 6a. 

— — Westminster Abbey. Its Art, Architecture, 

and Associations. Woodcuts. Fcap. 8vo. la. 

- Works of Oliver Goldsmith. Edited with 

•Notes. Yignettc.s. 4 vols. 8vo. 30a. (Murray’s British Classics.) 

Lives of Eminent English Poets. By Samuel s 

Johnson, Lfj.D. Edited with Notes. 3 vols. 8vo. 22a. 6<i. (Murray’s 
British Classics.) 

CEO KE It’S (J. W.) Progressive Geography for Children. 

Fijth Edition. 18mo. la. 6d. 

Stories for Children, Selected from the History of 

England. EHfUmth Edition. Woodcuts. 16mo. 2a. 6d. 

. — Boswcira Life of Johnson. Including the Tour to the 

llebi'ides. I'hird Edition. Portraits. BoyalSvo. lUa. sewed, or 12a. cloth. 

Loud Hervky’s Memoirs of the Reigu of George the 

Siicond, from his Accession to the death of Queen Caroline. Edited 
witii Notes. Second Edilitni. Portrait. 2 Yols. Svo. 21.s. 

Essays on the Early Period of the French Revolution. 

Beprinted from tho Quarterly Review. 8vo. 15.t. 

• Historical Essay on the Guillotine. Fcap. 8vo. 1«. 
CROMAVELL (C^livek) and John Bunyan. By Robert Southey. \ 

Post 8vo. 2a. 6d. 

GROWL’S (J. A.) Notices of the Early Flemish Painters; their 

Lives and Works. Woodcuts. PostSvo. 12a. 

CURETON (Rev. W.) Remains of a very Ancient Recension of 
ihe Four Oospels in Syriac, hitherto unknown iii Europe. Discovered, 
Edited, and Translated. 4to. 24a. 

DARWIN’S (Charles) Journal of Researches into the Natural 
ilistory and Geology of the Countries visited during a Voyage round the 
World. Post8vo. 8a. 6d. 

' - Origin of Species by Means of Natural Selection ; ^ 

or, the Preservation of Favoured Races in the Struggle for Life. Post 
8vo. 14a. 

DAVIS’S *{Siii J. F.) China : A General Description of that Empire 
and its Inhabitants, down to 1857. Eew Edition. Woodcuts. 2 Vols. 
Post 8 VO. 14a. 

DAVY'S (Sir Humphry) Consolations in Travel; or, Last Days v 
of a Philosopher. Fifth Edition. Woodcuts. Fcap. 8vo. 6a. 

- Salmonia; or, Days of Fly Fishing. With some Account 
of the Habits of Fishes belonging to the genus Salmo. Fourth Edition, ' 
Woodcuts. Fcap.8vo. 8a. 


10 


LIST OP WORKS 


DENNIS* (Gborob) Cities an^ Cemeteries of Etruria. Plates. 

2Vol8. 8vo.. 42«. 

POG-BREAKING ; the Host Expeditious, Certain, and Easy 
Method, whether great excellence or only mediocrity bo required. By 
* Likut.-Col. liUTcnixsoN. Third Edition. lie vised and enlarged. 

Woodcuts. Post 8vo. 9«. 

DOMESTIC MODERN COOKERY. Pounded on Principles of 

Economy and Practical Knowledge, and adapted for Private Families. 
New Edition. Woodcuts. Fcap. 8vo. 6«. 

DOUGLAS’S (General Sir Howard) Treatise on the Theory * 

andJPractice of Gunnery. Fourth Edition. Plates. . 8vo. 21s. 

Treatise on Military Bridges, and the Passages . of 

Kivei^ in Military Operations. Third Edition. Plates. 8vo. 2U, 

Naval Warfare with Steam. . 8vo. Ss. Qd. 

Modern Systems of Fortification, with special re- 
ference to the Naval, Idttoral, and Internal Defenoe of England. IMans. 
8vo. 

DRAKE’S (Sir Francis) Life, Voyages, and Exploits, by Sea and 
Land. By Jonx Barrow. Third Edition. Post 8vo. 2s. Qd. 

DRINKWATEU’S (John) History of the Siege of Gibraltar, 

1779-1783. With a Description and Account of that Garrison from the 
Earliest Periods. Post 8vo. 2s. Gd. 

DUDLEY’S (Earl of) Letters to the late Bishop of Llandaff. 

Second Edition. Portrait. 8vo. lOs. 6(^. 

DUFF ERIN’S (Lord) Letters from High Latitudes, being some 

Acconntof a Yacht Voynge to Iceland, <&c., in 1856. Fourth Edition. 
Woodcuts. Post 8vo. 9s. 

DURHAM’S (Admiral Sir Philip) Naval Life and Services. By 

Capt. Alexander Murray. 8vo. 6s. 6(f. 

pYER’S (Thomas H.) Life and Letters of John Calvin. Compiled 

from authentic Sources. ’ Portrait. 8vo. 15s. 

EASTLAKE (Sir Charles) The Schools of Painting ih Italy. 

From the Earliest times. From the German of Euglrb. Edited, with 
Notes. Third Edition. Illustrated from tho Old Masters. 2 Vols. 
Post 8vo. 30s. 

EASTWICK’S (E. B.) Handbook for Bombay and Madras, with 

Directions for Travellers, OlHcars, &c. Map, ,2 Vols. Post 8vo. 24s,* 

EDWARDS* (W. H.) Voyage up the River Amazon, including a 

Visit to Para. Post 8vo, 2s. Gd. 

EGERTON’S (Hon. Capt. F||iancis) Journal of a Winter’s Tour in 
India; with a Vi.sitto Nepaul. Woodcuts. 2 Vols. Post8vo.* 18s. 
ELDON’S (Lord Chancellor) Public and Private Life, with Selec- 
tions from his Correspondence and Diaries. By Horace Twisa. Third 
Edition. Portrait. 2 Vols. Post 8vo. 21s. 

ELIOT’S (Hon. W. G. C.) Khans of the Crimea. Being a Nar- 
rative of an Embassy from Frederick the Great to the Court of Krlm 
Gerai. Translated from the German. Post 8vo. 6s. 

ELLIS (Mrs.) On the Education of Character, with Hints on Moral 

. Training. Post 8vo. 7s. 64. 

(Rev. W.) Three Visits to Madagascar. During 1863, *64, 

and ’56, including a Journey to the Capital, with notices of Natural 
History, and Present *Civilisatiooof the People. Eifth Ihousand. Map 
and Woodcuts. Svo. I65. * 



PUBLISHED BY IlIB. MURRAY. 


11 


ELLESMERE’S (Lord) Two Sieges of Vienna by the Turks. 
Translated from the German. Post 8vo. 2s. 6d. 

Second Campaign of Radetzky in Piedmont. 
The Defence of Temeswar and the Gamp of the Ban. From the German. 
Post Svo. 6s. 6d. 

- - Campaign of 1812 in Russia, from the German 

of General Carl Von Clansewitz. Map. Svo. 10s. 6d. 

Pilgrimage, and other Poems. Crown 4to. 24#. 

— Es.says on History, Biography, Geography, and 

Engineering. Svo. 12s. • 

ELPIIINSTONE’S (Hon. Mountstuart) History of . India — ^the ^ 

Hindoo and Mahomedau Periods. Fourth Edition. With an Index. 
Map. Svo. ISs. • 

BLWIhT’S (Rev. IV.) Lives of Eminent British Poets. From 

Glnmcer to Wordsworth. 4 Vols. Svo. la Preparation. 

ENGLAND (History of) from the Peace of Utrecht to the Peace 

of Versailles, 1713—83. By L(»ttD Mahojt. Library Edition^ 7 Vols. 
Svo, 93s.; or, Popular Edition^ 7 Vols. Post Svo. 35s. 

— _ . From the First Invasion by the Romans, 

down to the 14th year of Qticen Victoria’s Reign. By Mua. Mabkham. 

’ 98iA Edition. Woodcuts. 12mo. 6s. 

? As IT IS : Social, Political, and Industrial, in the 

19th Century. By W. Johnston. 2 Vols, Post Svo. 18s. 

and France under the House of Lancaster. With an 

I iitrpJuctory View of the Early Reformation. Second Edition. Svo. 15s, 

ENGLISHWOMAN IN AMERICA. Post Svo. lOs. 6tZ. 

- . RUSSIA: or. Impressions of Manners 

and Society (luring a Ten Years* Residence in that Country. Fi/th 
Tftt'usand. Woodcuts, Post Svo. lOsfSd.. 

EOTHEN ; or, -Traces of Travel brought Home from the East. 

A Ecto EditUm. Post Svo. Ts. GJ. 

ERSKINE’S (Capt., R.N.) Journal of a Cruise among the Islands 

of tlio Weftern Pacific, including the Fejees, ami others inhabited by 
tlie Polynesian Megro Races. Plates. Svo. 10s. 

ESKIMAUX (The) and English Vocabulary, for the use of Travellers 
in the Arctic Regions. 16mo. 3s. Qd. . 

ESSAYS FROM «THE TIMES.” Being a Selection from the 

Litkrarv Paphrs which have appeared in that Journal. Seventh ^ 
2'housand. 2 vols. Fcap. Svo. Ss. 

EXETER’S (Bishop op) Letters to the late Charles Bulier, on the 

Theological parts of his Bopk of the Roman Catl-.olic Church; with 
Remarks on certain Works of Dr. Milner and Dr. Lingard, and on some 
parts of the Evidence of Dr. Doyle, Second Edition, Svo. 16tf. 

FAIRY RING (The), A Collection of Tales and Stories for Yonnj* 
Persons. From the German. By J. E. Taylor. Illustrated by Richard 
Doylb. Second Edition. Fcap. Svo. 

FALKNER’S (Fred.) Muck Manual for the Use of Farmers. A 
Treatise on the Nature and Value of Manures. Second Editiouj with a 
Glossary of Terms and an Index. Fcap. Svo. 6s. 



12 


LIST OF WORKS 


FAMILY RECEIPT-BOOK. A Collection of a Thousand Valuable 

and Useful Receipts. Fcap. 8vo. 6s. 6c2. 

FANCO CRT’S (Col.) History of Yucatan, from its Discovery 
to the Close of the 17th Century. With Map. 8vo. 10«. 6d. 
FARRAR’S yiEv. A. S.) Science in Theology. Sermons Preached 

before the Univtii'siiy of Oxford. 8vo.9s. ^ 

FBATHERSTONHAUGH’S (G. W.) Tour through the Slave States 

of North America, from the River Potomac, to Texas and the Frontiers 
of Mexico. Plates. 2 Vcls. 8vo. 265. 

FELLOWS’ (Sir Charles) Travels and Researches in Asia Minor 
mo^ particularly in the Province of Lydia. Keto Edition. Plates. Pos. 
8vo. 95. 

FERQUSSON’S (Jambs) Palaces of Nineveh and Persepolis 

Restored: an Essay on Ancient Assyriaiuaud Persian Architecture. 
With 45 Woodcuts. 8vo. 105. 

Handbook of Architecture. Being a Concise 

and Popular Account of the Different Styles prevailing in all Ages 
and Countries in the World. With a Description of the most re- 
markable Buildings. /burtA ITtoitsand. With 850 iliustraiious. 8vo. 265. 

PERRIER’S (T. P.) Caravan Journeys in Persia, Affghanistan, 

Herat, Turkistan, and Bcloochistan, with Descriptions of Meshed, Balk, 
and Canduhar, and Sketches of the Nomade Tribes of Central Asia. 
8e<^iui Edition. Map. 8vo. 215. 

History of the Afghans. Map. Svo. 21^. 

FEUERBACH’S Remarkable German Crimes and Trials. Trans- 

lated from tlie German by Lady Durr Gokdox. 8vo. 125. 

FISHER'S (Rev. George) Efements of Geometry, for the Use of 

Schools. Fifth Edition. 18mo. l5.6cL 

First Principles of Algebra, for the Use of Schools. 

Fifth Edition. 18mo. I5. %d, 

FLOWER GARDEN (The). An Essay. By Rev. Thos. Jambs. 

Reprinted from the ** Quarterly Review.” Fcap. 8vo. I5. • 

FORD’S (Richard) Handbook for Spain, Andalu3ia,.Ronda, Valencia, 

Catalonia, Granada, Gallicia, Avragon, Navarre, die. Third Edition. 
2Vols. Post8vo. 305. 

Gatherings from Spain. Post Svo. 

FORSTER’S (John) Historical & Biographical ISssays. 2 Vols. 

'Post 8vo. 215. j IV. Daniel De Foe. 

I. The Grand Remonstrance, 1641. 1 V. Sir Richard Steele. 

II. The PtHiitagene's and tlie Tudors. I VI. Charles Churchill. 

111. Civil Wars & Oliver Cromwell. | VII. Samuel Foote. ; 

FORSYTH’S (William) Hortensius, or the Advocate ; an Historical 

Essay on the OlVice and Duties of an Advocate. Post Svo. 125. 

History of Napoleon at St. Helena. From the 

L^ers and Journals of Sir Hudson Lowk. Portrait and Maps. 3 Vols. 
Svo. 455. 

FORTUNE’S (Robert) Narrative of Two Visits to China, between 

the years 1843-52, with full Descriptions of the Culture of the Tea 
Plant. Third Edition. Woodcuts. 2 Vols. Post Svo. I85. 

Residence among the Chinese : Inland, on the 

Coast, and at Sea, during 1853-56. Woodcuts. Svo. I65. 

FRANCE (History of). From the Conquest by the Gauls to the 
Death of Louis Philippe. By Mrs. Markham. 56fA Thousand. Wood- 
cuts. 12mo. 65. 



PUBLISHED BY MB. MURRAY. 


13 


FRENCH (The) in Algiers; The Soldier of the Foreign Legion — 
and the Prisoners of Abd-el-Kadir. Translated by Lady Duff Goboon. 
Post 8vo. 25. 6(f. 

QALTON’S (Francis) Art of Travel ; or, Hints on the Shifts and 
Contrivances available in Wild Countries. Third Edition^ enlarged. 
Woodcuts. Post 8vo. 75. 6i. 

GEOGRAPHICAL (The) Journal. Published by the Royal Geo- % 

• graphical Society of London. 8vo. 

GERMANY (History of). From the Invasion by Mariys, to the 

present time. OntlieplanofMrs. MAttKHABi. Fifteenth Timasand, Wood- 
cuts. 12ino. 65. 

GIBBON’S (Edward) Decline and Fall of the Roman Empire. A . 

N»ao Edition. 4*receded by his Autobiography. Edited with Notes 
by Dr. Wm. Smith. Maps. 8 Vols. 8vo. 605. 

The Student’s Gibbon; Being the History of the 

Decline and Fall, Ahridjred, incorporating the Kesparches of Recent 
Commentators. By Dr. Wm. Smith. Sixth Thousand. Woodcuts. Post 
8vo. 7s. 6d. 

GIFFARD’S (Edward) Deeds of Naval Daring ; or. Anecdotes of 
the British Navy. 2 Vols. Fcap. 8vo. b.'t. 

GISBORNE’S (Thomas) Essays on Agriculture, lltird Edition* 

Post 8vo. 

GLADSTONE’S (W. E.) Prayers arranged from the Liturgy for ^ 

Family Uso. Second Edition. 12ino. 2s. 6d. 

GOLDSMrril’S (Oliver) Works. A New Edition. Printed from ^ 
the last editions revised by the Author. Ktllted by PRTwn Cithnino- 
HAM. Vignettes. 4Vols. 8vo. 305. .{.Murray’s British Classics.) 

GLEIG'S (Rkv. G. K.) Campaigns of the British Army at Washing- 
ton and New Orleans. Post 8vo. 25. 6d. 

Story of the Battle of Waterloo. Compiled from Public 

and Authentic Sources. Po.st8vo. 65 . 

Narrative of Sir Robert Sale’s Brigade in Afghanistan, 

wiTi an Account of the Selzuro and Defence of Jellalabad. Post 8vo. 25. 6d, 

"Life of Robert Lord Clive. Post 8vo, 5s. 

Life and Letters of General Sir Thomas Munro. Post 

8vo. 65 . * 

GORDON’S (Sir Alex. Duff) Sketches of German Life, and Scenes 

from the War of Liberation. From the German. PostSvo. 65. 

(Lady Duff) Amber-Witch : the most interesting 

Trial for Witchcraft ever known. From the German. Post svo. 25. 6d. 

French in Algiers. 1. The Soldier of the Foreign 

f.eginn. 2. The Prisoners of Ahd-el-Kadir. From the French. 
Post 8vo. 25. 6(i. 

Remarkable German Crimes and Trials. From the 

German of Fuerbach. 8vo. 125. 

GRANT’S (AsaiielJ Nestorians, or the Lost Tribes ; containing 
Evidence of ftieir Identity, their Manners, Customs, and Ceremonies ; 
with Sketches of Travel in Ancient Assyria, Armenia, and Mesopotamia; 
and Illustrations of Scripture Prophecy. Third Edition. Fcap 8vo. 65. 



14 


LIST OF WOilKS 


GRENVILLE (The) PAPERS. Being the Public and Private 
Correspondence of George Grenville, his Friends and Contemporaries, 
during a period of 30 years. — Including his Diahy of PoLiTiCAii 
Events while First Lord of the Treasury. Edited, with Notes, by 
W. J. Smith. 4 Vols. 8vo. 16«. each. 

GREEK GRAMMAR FOR SCHOOLS. Abridged from Matthi-e. 

By the Bisiior of London. Ninth Jsklition, revised by Kev. J. Edwabus. 
12mo. Ss. 

GREY'S (Sir George) Polynesian Mythology, and Ancient 
Traditional History of the New Zealand Kace. Woodcuts. Post 
8vo. IOj. Od. 

GROTE’S (George) History of Greece. From the Earliest Times 

to the close of thu generation contemporary with the death of Alexander 
the Great. Third Edition. Maps and Index. 12 vols. 8vo. IG-s. each. 

(Mrs.) Memoir of the Life of tli& late Ary Scheffer. ^ 

Portrait, 8vo. (Nearly Ready.) 

GROSVENOR'S (Lord Robert) Leaves from my Journal during 

the Sunimer of 1851. Second Edition. Plates. PostSvo. 3«. 6d. 

GUSTAV US VASA (History of), King of Sweden. With Extracts 

from his Correspondence. Portrait. 8vo. 10«. 6d. 

HALL AM’S (Henry) Constitutional History of England, from the 

Accession of Henry the Seventh to tlie Death of George the Second. 
Seventh Edition. 3 Vols. 8vo. 30*. 

History of Europe during the Middle Ages. ^ 

Tenth Edition. 3 Vols. 8vo. 30s. 

Introduction to the Literary History of Europe, during 

the 16th, 17th, and 18th Centuries. Fourth Edition. 3 Vols. 8vo. ^ 

— Literary Essays ^nd Characters. Selected from the 

lastM'ork. Fcap.Svo. 2s. 

- Historical Works. Containing the History of Eng- 

land,— The Middle Ages of Europe,— and the Literary History of 
Europe. Cmnjdete Edition. 10 Vols. Post 8vo. 6s. each. 

HAMILTON’S (James) AVanderings in Northern Africa, Benghazi, 

Cyrene, the Oasis of Siwah, dtc. Secojid Edition. Woodcuts. PostSvo. I2s. 

(Walter) Hindostan, Geographically, Statistically, 

and Historically. Map. 2 Vols. 4to. 945. 6d. 

HAMPDEN’S (Bishop) Essay on the Philosophical Evidence of 
Christianity, or the Credibility obtained to a Scripture gtevelatlon 
from its Coincidence with the Facts of Nature. 8vo. 9s. 6d. 
HARCOURT’S (Edward Vernon) Sketch of Madeira; with !Map 
and Plates. *Po8t 8vo. 85. Qd. 

HART’S ARMY LIST. (Qtiarterly and Anmicdly.) 8vo, 

HAY’S (J. H. Drummond) Western Barbary, its wild Tribes and 

savage Animals. Post 8vo. 25. Gd. 

HEBER (Bishop) Parish Sermons ; on the Lessons, the Gospel, v 

or tlio Epistle, for every Sunday in the Year, and for Week-day Festivals. 
Sixth Edition. 2 Vols. Po.st8vo. I65. 

Sermons Preached in England. Second Edition. 8vo. 9«.6ef. ^ 

. Hymns written and adapted for the Weekly Church 

Service of the Year. Twelfth Editim. t6mo. is. 

Poetical Works. Fiflft Edition. Portrait, Fcap. 870 .^^ 

7s.6d. 

Journey through the Upper Provinces of India, From 

Calcutta to Bombay, with a Journey to Madras and the Southern Fro- N 
Yincee. 2 Vols. Post 8vo, 125. 



PUBLISHED BY MR. MURRAY, 


15 


HAND-BOOK OP TEAVEIj-TALK ; or, ConversaUona in 

English, German, French, and Italian. ISmo. 3j. 6d. 

- NORTH GERMANY— Hoiland, Bkioiom, and 

the Rhine to Switzerland. Map. Post 8ro. 10a. 

SOUTH GERMANY—Bavaria, Austria, Salzberg, 

the Austrian and Bavarian Alps, the Tyrol, and the Danube, from Ulm 
to the Black Sea. Map. PostSvo. 10s. 

TAINTING — the German, Flemish, and Dutch 

Schools; From the German of Kttoler. A New Edition* Edited by 
Dn. WAAGEy. Woodcuts. PosfcSvo. {In the Pi'esa.) 

SWITZERLAND— the Alps of Savoy, and Piedmont. 

Maps. Post 8 to. 9s. 

. .. FRANCE — ^Normandy, Brittany, the French 

Alps, the Rivers Loire, Seine, Rhone, and Garonne, Dauphind, Provence, 
and the Pyrenees. Maps. Post 8vo. 10^. 

SPAIN — Andalusia, Ronda, Granada, Valencia, 

Catalonia, Gallicia, Arragon, and Navarre. Maps. 2 Vols. PostSvo. 30®. 

PORTUGAL, LISBON, &c. Map. Post 8vo. 9«. 

painting — Spanish and French Schools. By 
Sir Edmund Head, Bart. Woodcuts. Post 8vo.* 12s. 

north ITALY — Florence, Sardinia, Genoa, the 

Riviera, Venice, Lombardy, and Tuscany. Map. Post 8vo. 2 Vols. 125. 

CENTRAL ITALY— South Tnscany and the 

Papal States. Map. PostSvo. 7a. * 

- ROME— AND ITS ENVIRONS. Map. Post 

• 8vo, 9s. • 

SOUTH ITALY— Naples, Pompeii, Herculaneum, 

Vesuvius, Ac. Map. FostSvo. 10s. 

- SICILY. Map. Post 8vo. (In the Press.) 

PAINTING— the Italian Schools* From tl.e Ger- 

p.nm of Kuglkr. Edited by Sir Cuakles Eastlaee, K. A. Woodcuts. 

2 Post 8v<fc 305. 

— — Early Italiaj? Painters and Progress op Painting 

IN iTAi.y. By Mrs. Jameson. Woodcuts. PohtSvo, 12s. 

-Biographical Dictionary op Italian Painters. 

With a Chart. PostSvo. Ga.Gd. 

GREECE— the loni.an Islands, Albania, Thessaly, 

and Macedonia. Maps. Post 8vo. 15s. 

_ — TURKEY — Malta, Asia Minor, Constantinople, . 

Anncnia, Mesopotamia, &c. Maps. Post 8vo. 

EGYPT — Thebes, the Nile, Alexandria, Cairo, 

the Pyramids. Mount Sinai, &c. Map. PostSvo. 155. 

SYRIA AND PALESTINE ; the Peninsula of 

Sinai, Edom, and the Syrian Desert. Msps. 2 Vols. Post 8vo. 245, 

BOMBAY AND MADRAS. Map. 2 Vols. Post 

8vo. 24s. , 

DENMARK — Norway and Sweden. Maps, Post 

SVo. 155. 

RUSSIA — The Baltic and Finland, Maps, Post 

8vo. 125. 



16 


LIST OF WORKS 


HANDBOOK OF LONDON, Past and Present. Alphabetically 

arranged. Second Edition. Post 8vo. , 

MODERN LONDON. A Guide to all objects 

ofinterost in the Metropolis. Map. 16mo.5<. 

ENVIRONS OP LONDON. Including a Circle dT 

30 Miles round St. Paurs. Maps. Post 8vo. ( Jn preparation.) 

DEVON AND CORNWALL. Maps. Post 8vo. 

7«. 6rf. 

WILTS,DORSET, AND SOMERSET. Map. Post 

8vo. 75.6^. 

KENT AND SUSSEX. Map. Post 8vo. 10^. 

SURREY, HANTS, and the Isle of AVight. 

Maps. Post 8vo. Gd. 

■ — WESTMINSTER ABBEY — its Art, Architecture, 

and Associations. Woodcuts. 16mo. 1«. 

SOUTHERN CATHEDRALS OF ENGLAND. 

Woodcuts. PostSvo. {Nearly Ready.) 

PARIS. Post 8vo. j)r€pamiion.) 

FAMILIAR QUOTATIONS. Chiefly from English 

Authors. TtUrd Edition. Fcap. 8vo. 6s. 

ARCHITECTURE. Being a Concise and Popular 

Account of the Different Styles prevailing in all Ages and Countries. 
Ity James dTEuaussoK, Fourth 'Thousand. With 850 Illustrations. 
8ve. 2G5. 

ARTS OP THE MIDDLE AGES AND RE- 

naissance. By M. Jules Labarto. WiUaSOO Illustrations. 8vo. 18i. • 

HEAD’S (Sir Francis) Rough Notes of some Rapid Journeys across 
the Pampas and over the Andes. Post 8vo. 2s. 6d. 

Descriptive Essays : contributed to the Quarterly 

Review.” 2 Yols. PostSvo. 18». 

Bubbles from the Brunnen of Nasss^p. By an Old Man. 

Sixth Edition. IGmo. bs. 

Emigrant. Sixth Edition. Fcap. 8vo. 2«. 6c?. 

Stokers and Pokers; or, the London and North-Western 

Railway. PostSvo, 2s. Gd. ^ 

Defenceless State of Great Britain, Post 8vo. 12«. 

— Faggot of French Sticks ; or. Sketches of Paris. 

New Edition. 2 Yols. PostSvo. Vis. 

Fortnight in Ireland, Second Edition. Map. 8vo. 12«. 

. (Sir George) Forest Scenes and Incidents in Canada. 

Second Edition. Post 8vo. lOf. ^ 

Home Tour through the Manufacturing Districts of 
England, Scotland, and Ireland, including the Channel Islands, and the 
' Isle of Man. Third Edition. 2 Yols. PostSvo. 12«. 

(Sir Edmund) Handbook of Pointing — the Spanish 

and French Schools. With Illustrations. PostSvo; 

Shall and Will; or, Tvro Chapters on Future Auxiliary 

Verbs. Sewnd Edition, Enlarged. Fcap. 8vo. 4r. 



PUBLISHED BY MR. MURRAY, 


17 


HEIRESS (The) in Her Minority ; or. The Progress of Character. 
By the Author of “Bbbtha’s Joubital.” 2 Vols. 12mo. 18». 

HERODOTUS.. A New English Version. Edited with Notes, 

• ' And Essays. By Rev G. Rawlixsost, assisted by Sia Hbnby 

Rawlinson, and Sib J. Q. Wilkixsok. Maps and Woodcuts. 4 Vols. 
8vo. 18«. each* 

• 

HERVEY’S (Lord) Memoirs of the Reign of George the Second, 
from his Accession to tlie Death of Queen Caroline. Edited, with Notes 
by Mb, Gbobeb. Second Jidition* Portrait. 2 Vols. dvo. 21s. 

HICKMAN’S (Wm.) Treatise on the Law and Practice of Naval 

Courts Martial. 8vo. 10«. Qd. 

HILLARD’^ (G. S.) Six Months in Italy. 2 Vols. Post 8vo. 16«. 

HISTORY OP ENGLAND AND PRANCE under the House 
ov Lancaster. Witluan Introductory View of the Early Reformation. 
Second Edition. 6vo. 15a. ^ 

HOLLAND’S (Rev. W. B.) Psalms and Ilj^ns, selected and 

adapted to the various Solemnities of the Church. Third Edition. 24mo. 
la. 3d. 

HOLLWAY’S (J. G.) Month in Norway. Fcap. 8vo. 2«. 

HONEY BEE (The). An Essay. By Rev. Thomas James. 

Reprinted from the ** Quarterly Review.’* Fcap. 8vo. la. 

HOOK’S (Dean) Church Dictionary. Eighth Edition. 8vo, 16s. 
Discourses on the Religious Controversies of the I^ay* 

8vo. 9a. 

(Theodore) Life. By J. G. Lockhart. Reprinted from the 

“ Quarterly lleview.” Fcap. 8vo. la. 

HOOKER’S (Dr. J.D.) Himalayan Journals; or. Notes of an Oriental 
. Naturalist in Beni'al, the Sikkim and Nepal Himalayas, tlie Kliasia 
Mountains, &c. Second Edition. Woodcuts. 2 vols. Post 8vo. ISa. 

HOOPER’S (Lieut.) Ten Months among the Tents of the Tuski ; 
with Incidents of an Arctic Boat Expedition in Search of Sir John 
Franklin. Plates, 8vo. 14a. 

HORACE (Works of). Edited by Dean Milman. With 300 
Woodcuts. Crowu 8vo. 21a. 

(Life of). By Dean Milman. Woodcuts, and coloured 

• Borders. 8vo. 9a. 

HOSPITALS AND SISTERHOODS. By a Ladt. Fcap. 8vo. 

3a. Gd. 

HOUSTOUN’S (Mrs.) Yacht Voyage to Texas and the Gulf of 

Mexico. Plates. 2 Vols. PostSvo. 21a. 




18 


LIST OF WORKS 


HOME AXD COLONIAL LIBRARY. Complete in 70 Parts. 

Post 870 , 2s. 6d, each, or bound in 3i Volumes, cloth. 


CONTENTS OF THE SERIES. 

THE BIBLE IN SPAIN. By Geoboe Borrow. 

JOURNALS IN INDIA. By Bisiw IIkbbe. 

TRAVELS IN TlVE HOLY LAND. By Captains Irby and M anulbs. 
THE SIEGE OF GIBRALTAR. By John Drinkwatbr. 

MOROCCO AND THE MOORS. By J. Drummond Hay. 

LETTERS FROM THE BALTIC. By a Lady. 

THE AMBER-WITCII. By Lady Duff Gordon. 

OLIVER CROMWELL & JOHN BLINYAN. By Robert Soitthky. 
NEW SOUTH WALES. By Mrs. Meredith. 

LIFE OF SIR FRANCIS DRAKE. By John Barrow. 

FATHER RIPA’S MEMOIRS OF THE COURT OF CHINA. 

A RESIDENCE IN THE WEST INDIES. By M. G. Lbwi.s. 
SKETCHES OF PERSIA. By Sir John Mai.coi.m. 

THE FRENCH IIJ ALGIERS. By Lady Duff Gordon. 

VOYAGE OF A NATURALIST. By Charlks Darwin. 

HISTORY OF THE FALL OP THE JESUITS. 

LIFE OF LOUIS PRINCE OF CONDE. By Lord Mahon. 
GIPSIES OF SPAIN. By Geoegb Borrow. 

THE MARQUESAS. By Hermann Melville. 

LIVONIAN TALES. By a Lady. 

MISSIONARY LIFE IN CANADA. By Rev. J. Abbott. 

SALE’S BRIGADE IN AFFGIIANISTAN. By Rkv. G. R. Glkio. 
LETTERS FROM MADRAS. By a Lady. 

HIGHLAND SPORTS. By Charler St. John, 

JOURNEYS ACROSS THE PAMPAS. By Sir P. B. Head. 
GATHERINGS FROM SPAIN. By Richard Ford. 

SIEGES OF VIENNA BY THE TURKS. By Lord Ellesmere.. 
SKETCHES OP GERMAN LIFE. By Sir A. Gordon, 
ADVENTURES IN THE SOUTH SEAS. By Hermann Melville. 
STORY OF BATTLE OF WATERLOO. By Rev. G. R. Gleio 
A VOYAGE UP THE RIVER AMAZON. By W. U. Edwards. 
THE WAYSIDE CROSS. By Capt. Milman. 

MANNERS & CUSTOMS OF INDIA. By Rev. C. Acland. 
CAMPAIGNS AT WASHINGTON. By Rev. G. R. Gleio. 
ADVENTURES IN MEXICO. By G. P. Ruxton. 

PORTUGAL AND GALLICIA. By Lord Carnarvon. 

LIFE OP LORD CLIVE. By Rkv. G. R. Gleio. 

BUSH LIFE IN AUSTRALIA. By II. W. llAVOARth. 

THE AUTOBIOGRAPHY OF HENRY STEFFENS. 

SHORT LIVES OF THE POETS. By Thomas Campbell. 
HISTORICAL ESSAYS. By Lord Mahon. . 

LONDON & NORTH-WESTERN RAILWAY. By Sib F. B. Head. 
ADVENTURES IN THE LIBYAN DESERT. By Baylb St. John 
A RESIDENCE AT SIERRA LEONE. By a Lady. 

LIFE OP GENERAL MUNRO. %y Rev. G. R; Gleio. 

MEMOIRS OP SIR FOWELL BUXTON. By his Son. 




PUBLISHED BY MR. MURRAY. 19 


HUME (The Stjudent’s). A History of England, from .the In- 
VRHion of JuIiiiH C^GHar. Based on Hume’s History, and continued to 
1868. Tenth Thousand. Woodcuts. PoRt8vo. 7«.6d. 

HUTCHINSON (Colonel) on Dog-Breaking; the most expe- 
ditious, certain, and easy Method, whether great Excellence or only 
^ Mediocrity be required. 2'hird Edition. Woodcuts. FostSro. 9o. 

HUTTON'S (H. E.) Principia Oraeca; an Introduction to the Stndy 

of Greek. Comprohenciing Grammar, Delectus, and Exercise-book, 
with Vocabularies. 12mo. 2«. Qd. 

IRBY AND MANGLES’ Travels in Egypt, Nubia, Syria, and 

the Holy Land, including a Journey round the Dead Sea, and through 
the Country east of the Jordan. Post 8vo. 2s. 6d. 

JAMES* (Rev. Thomas) Fables of JIsop. A New Translation, with 

Historical Preface. With 100 Woodcuts by Tenmiki. and Wolf. 
Twenty~sixth Thousand. Post 8vo. 2s. 6<2. 

JAMESON’S (Mrs.) Memoirs of the Early Italian Painters, and 

of the Progress of Italian Painting in Italy. Nexo Edition^ revised 
an/§. enlarged. With very many Woodcuts. Post 870. 12s. {Uniform with 
Kugler's Handbooks.) 

JAPAN AND THE JAPANESE.' Described from the Accounts 

of Recent Dutch Travellers. Neto Edition. Post8vo. 6s. 

JARDINE’S (David) Narrative of the Gunpowder Plot, JVeto 

• Edition. Post Svo. 7s. 6(Z. 

JERVIS’S (Capt.) Manual of Operations in the Field, for the Use of 
Officers. PostSvo. 9s. 6J. 

JESSE’S (Kdward) Favorite Haunts and Rural Studies ; or Visits 
to .Spots of Intorc.st in the Vicinity of Windsor and Eton. Woodcuts. 
PostHvo. 125. 

Scenes and Occupations of Country Life. With Recol- 
lections of Natural Hi.story. Third Edition. Woodcuts. Fcap. 8vo. 69. 
Gleanings in Natural History. With Anecdotes of the 

Sagacity and Instinct of Animals. Eighth Edition. Fcap. 8vo. 6s. 

JOHNSON’S (Dr. Samuel) Life : By James Boswell. Including 

* the Tour to the Hebrides. Edited 'by the late Mr. Cbokeb. Third 
Edition. Portraits. Royal 8vo. lOs. sowed ; 125. cloth. 

— - — Lives ?f the most eminent English Poets. Edited 

by Pktkr Gunninquah. 3 vols. 8vo. 225. 6d. (Murray’s British 
Classics.) 

JOHNSTON’S (Wm.) England : Social, Political, and Industrial, 

in 19th Century. 2 Vols. PostSvo. I85. * 

JOURNAL OP A NATURALIST, Fourth Edition, Woodcuts. 

Po9t8vq. 9s. 6d. 

JOWETT’S (Rev. B.) Commentary on St. Paul’s Epi-stles to the 
Thessalonians, Galatians, and Romans. iSerond Edition. 2 Vols. 8vo. SO*. 
JONES’ (Rev. R.) Literary Remains. With a Prefatory Notice. 

By Rev. W. WiiBWRLL, D.D. Portrait. Svo. 14.<f. 

KEN’S (Bishop) Life. By A Layman. Second Edition, Portrait. 
2 Vols. 8vo. 185. 

(Bishop) Exposition of the Apostles* Creed. Extracted 

• from his “Practice of Divine Love.** New Edition. Fcap. l5.6<i. 

.^Approach to the Holy Altar. Extracted from his " Manual 
of Prayer" and “Practice of divine Love." New Edition, Fcap. Svo. 
l8.6d. 




20 


LIST OF WORKS 


KING’S (Rev. S. W.) Italian V'alleys of the Alps ; a Tour 
tfirough all the Romantic and less frequented “Vais” of Northern 
Piedmont, from the Tarentaise tothe Gries. With Illustrations. Crown 
8vo. 18s. 

KING EDWARD VIth’s Latin Grammar; or, an. Introduction 
to the Latin Tongue, for the Use of Schools. \hth Titian. 12mo. 3s. 6<i. 

— — .First Latin Book; or, the Accidence, 

Syntax and Prosody, with an English Translation for the Use of Junior 
Classes. Third Edition. 12mo. 2s. 

KINGLAKE’S (A. W.) History of the War in the Crimea. 

Rased chiefly upon the Private Papers of Field '.Marshal Lord Raglan, 
and other authentic materials. Yols. I. and II. 8vo. 

KNAPP’S (J. A.) English Roots and Ramifications ; or, the 

Derivation and Meaning of Divers Words. Fcap. 8vo. 4s. 

KUGLER’S (Dr. Franz) Handbook to the History of Painting 
(the Italian Schools). Translated from the German. Edited, with 
Notes, by Sir Charles Eastlakb. Third Edition. Woodcuts. 2 Vols. 
Post 8vo- 30s. • 

(the German, Dutch, and Flemish Schools). Trans- 
lated from the German. A Kr.w Edition. Edited, with Notes. By 
Dr. Waaoen. Woodcuts. PostSvo. Nearly Jieady. 

LABARTE’S (M. Jules) Handbook of the Arts of the Middle A^es 
and Renaissance. With 200 Woodcuts. 8vo. 18s. 

LABORDE’S (Leon de) Journey through Arabia Petraea, to Mount 
Sinai, and the Excavated City of Petriea,— the Edom of the Prophecies. 
Second Edition. With Plates. 8vo. 18s. 

LANE’S (E. W.) Arabian Nights. Translated from the Arabic, 

with Explanatoiy Notes. A New Edition. Edited by E, Stanley 
Poole. With 600 Woodcuts. 3 Vols. 8vo. 42s. 

-■ Manners and Customs of the Modem Egyptians, A N’ew 
Edition, witii Additions and Improvements by the Author. Edited 
by E. Stanley Poole. Woodcuts. 8vo. ISs, 

LATIN GRAMMAR (Kino Edward the VIth’s.) For thecae 

of Schools. Twelfth Edition. 12mo. 8s. 6d. ^ 

First Book (Kino Edward VI.) ; or, the Accidence, 

Syntax, and Prosody, with English Translation for Junior Classes. 
Third Edition. 12mo. 2s. 

LAYARD’S (A. H.) Nineveh and its Remains. Being a Nar- 
rative of Researches and Discoveries amidst tlie Ruins of Assyria. 
With an Account of the Chaldean Christians of Kurdistan ; the Yezedis, 
or Devil-worshippers; and an Enquiry into the Manilhrs and Arts of 
the Ancient Assyrians. Sixth Edition. Plates and Woodcuts. 2 Vols. 
8vo. 36s. 

Nineveh and Babylon ; being the Result 

of a Second Expedition to Assyria. Fourteenth Thomand. Plates. 
Svo. 21s. Or Fine Paper, 2 Vols. 8vo. 30s. 

Popular Account of Nineveh. 16^/i Edition, With 

Woodcuts. Post Svo. 6s. • 

LESLIE’S (C. R.) Handbook for Young Painters. With Illhstra- 
tions. FostSvo. 10s. 6d. 

Life of Sir Joshua Reynolds. With an Account 

3f his Works, and a Sketch of his Coteaiporaries. Fcap. 4to. In the 
Press, 




PUBLISHED BY MR. MURRAY. 


21 


LEAKE’S (Cos. W. Martin) Topography of Athens; with ‘Eemarks 

on its Antiquities; to which is added, the Demi of Attica.'^ 

Edition. Plates. 2 Vols. ovo. bifa, 

Travels in Northern Greece. Maps. 4 Vols. 8vo. 60«. 

Disputed Questions of Ancient Geography. Map. 

8vo. . 6d. 

— Numismata Hellenica. A Catalogue of Greek Coins. 

With Map and Appendix. 4to. 63«. 

A Supplement to Numismata Hellenica; Completing a 

descriptive Catalogiie of Twelve Thousand Greek Goins, with Notes 
Geo^'i'aphical and Historical. 4to. 

Peloponnesiaca : A Supplement to Travels in the Morea. 

8vo.*J5s. 

— Thoughts on the Degradation of Science in England. 

8vo. 3a. 6d. • 

LETTERS FROM THE SHORES OP THE BALTIC. By a 

Lauv. Post8vo. 2s. 6d. 

Madras ; or, First Impressions of Life and 

Manners in India, liy a Lady. Post 8vo. 6d. 

Sierra .Leone, written to* Friends at Home. 

• By a Lady. Edited by Mrs. Norton. PostSvo. 6s. 

— . Head Qual’ters; or, The Realities of the War 

in tlio Crimea. By a Staff Officer. Popular Edition, Plans. 
Pont 8vo. 6.V. 

LEXINGTON (Tub) PAPERS; or, Some Account of the Courts 
of London and Vienna at the end of the 17th Century. Edited by Hon. 
II. Manners Sutton. Svo. 14^. 

LEWIS’ (Sir G, C.) Essay on the Government of Dependencies. 

8vo. 12«. 

_ _ - Glossary of Provincial Words used in Herefordshire and 

some of the adjoining Counties. 12mo. 4^. 6d. 

— ! (Lady Theresa) Friends and Contemporaries of the 

Lord Ciiancellor Clarendon, illnstrative of Portraits in liis Gallery. 
With a Descriptive Account of the Pictures, and Origin of the Collec- 
tion. Portraits. 3 Vols. 8yo. 42 f. 

(M. G.) Journal of a Residence among the Negroes in the 

West Indies. Post 8vo. 2s. Qd. 

LIDDELL’S (Dean) History of Rome. From the Earliest Times 
to the Establishment of the Empire. With the History of Literature 
and Art. Library Edition. 2 Vols. 8vo. 28s. 

STUDENT’S HISTORY OF ROME. Abridged from 

the Larger Work. Fifteenth Thousand, With 100 Woodcuts. Post 
Svo. Is.M, 

LINDSAY’S (Lord) Lives of the Lindsays ; or, a Memoir of the 
Houses of Crawford and Balcarres. With Extracts from Official Papers 
and Personal Narratives. Second Edition, 3 Vols. Svo. 24s. 

Report of the Claim of James, Earl of Crawfurd and 

Balcarres, to the Original Dukedom of Montrose, created in 1488. 
Folio. 16«. 

LITTLE ARTHUR’S HISTORY OF ENGLAND. By Lady 

Callcott. Nineteenth Edition, With *20 Woodcuts. Fcap. Svo. 
2a, Qd, 




22 


LIST OF WORK 


LIVINGSTONE’S (Rev. Dr.) Missionary Travels and Researches 
iki South Africa ; including a Sketcli of Sixteen Years’ Residence in 
^ne Interior of Africa, aud a Journey from the Cape of Good Hope to 
Loanda on the West Coast; thence across the Continent, dourn the 
Biver Zambesi, to the Eastern Ocean. Thirtieth Thousand. Map, 
Plates, and Index. 8vo. 21«. , 

LIVONIAN TALES.— The Disponent. — The Wolves. — The Jewess. 

By the Author of ‘^Letters from the Baltic.” Post 8vo. 2s. €d. 

LOCKHART’S (J. G.) Ancient Spanish Ballads. Historical and 

Romantic. Translated, with Notes. Illustrated Edition. 4to. 21«. Or, 
Popular Edition. Post Svo. 2s. Bd. 

- Life of Robert Bums. Fifth Edition, Fcap. Svo. Ss, 

LOUDON’S (Mrs.) Instructions in Gardening for Ladies. With 

Directions and Calendar of Operations for Every Month. Eighth 
Edition. Woodcuts. Fcap. Svo. 5a. 

— Modem Botany ; a Popular Introduction to the 

Natural System of Plants. Second Edition. Woodcuts. Fcap. Svo. 6s. 
LOWE’S (Sir Hudson) Letters and Journals, during the Captivity 
of Napoleon at St. Helena. By Williau Forsyth. Portrait. SVols. 
8vo. 4S«. 

LUCKNOW : A Lady’s Diary of the Siege. Written for Friends 

at Home. Fourth Thousand. Fcap^Svo. is. Bd. 

LTBLL’S (Sir Charles) Principles of Geology; or, the Modern \ 
Changes of the Earth and its Inhabitants considered as illustrative of ^ 
Geology. Einth Edition. Woodcuts. Svo. 18«. 

Visits to the United States, 184146. Second Editim..,^ 

Plates. 4Vo1s. Post Svo. 24s. 

MAHON’S (Lord) History of England, from the Peace of Utrecht 

to tbe Peace of Versailles, 1713— 83. Library Edition, ZVols. Svo. 98s. 
Fopv,lar Edition. 7 Vols. Post Svo. 35s. 

“ Forty-Five ; ” a Narrative of the Rebellion in Scot- 

land* Post Svo. 3s. 

History of British India from its Origin till the Peace 

of 1783. Post Svo. 3s. 6d. 

History of the War of the Succession in Spain. Second 

Edition. Map. Svo. 16s. 

Spain under Charles the Second; or. Extracts from the 

Correspondence of the Hon. Alkxakukr Stanhopk, British Minister at 
Madrid from 1690 to 1700. Second Edition. Post Svo. 6s. Bd. 

Life of Louis Prince of Cond6, sumamed the Great. 

Post Svo. 6s. 

Life of Belisarius. Second Edition, Post Svo. lOd. 6c?. 

Historical and Critical Essays. Post Svo. 6«. 

Story of Joan of Arc. Fcap. Svo. la. 

Addresses Delivered at Manchester, Leeds, and Bfr- 

mlngbam. Fcap. Svo. Is. 

M^CLINTOCK’S (Capt.) Narrative of the Discovery of the Fato 
of Sir John Franklin and his Companions, In the Arctic Seas. With 
Preface, by Sib Roderick Mcbcuiso;:. Map and Illustrations. Svo. 16s. 

M^COSH (Rev. Dr.) On the intuitive Convictions of the Mind. Svo, 



PUBLISHED BY MB. MURRAY. 


*2S 


M‘‘CULLOCH’S (J. R.) Collected Edition of Rioahdo's Political 

Works. With Notes and Memoir. Second Edition^ Svo. 16g. ^ 

MALCOLM’S (Sir John) Sketches of Persia. Third fflUion, 

Post Svo. 6«. 

MANSEL’S (Bey. H. L.) Bampton Lectures. The L^its of v 
* K^ligioiis Thought Examined. Fourth and cheaper JEditim. Post 

Svo. 7<. 6d. 

— Examination of Professor Maurice’s Strictures on the \ 

Hampton Lectures of 1858. Second Edition Svo. 2s. Qd. 

MANTELL’S (Gideon A.) Thoughts on Animalcules; or, the 
Invisible World, as revealed by the Microscope. Second Edition. Plates. 
I6mo. 6s. 

MANUAL OP SCIENTIFIC ENf^UIRY, Prepared for the Use of 

Officers and Travellers.* By variou.s .Writers. Third Edition revised 
by the Itev. R. Maix. Maps. Post 8vo, 9«. {Published by order of the 
Ijords of the Admiralty.) 

MARKHAM’S (Mrs.) History of England. From the First Inva- 
sion by the Romans, down to the fourteenth year of Queen Victoria's 
Reign. W&th Edition. Woodcuts. 12mo. 65. 

History of France. From the Conquest by the Gauls, 

to the Death of Louis Philippe. Sixtieth Edition. Woodcuts. 12mo. 6s. 

llistpry of Germany. From the Invasion by Marius, 

to the present time. Fifteenth Edition. Woodcuts. l2mo. 69.: 

_ History of Greece. From the Earliest Times 

i > the Roman Conquest. With tlio History of Literature and Art. 

By Dr. Wh. Smitji. Twentieth Thousand. Woodcuts. 12mo. Is. 6d. 
((Juestions. 12mo. 2s.) 

History of Rome, from the Earliest Times 

to the Establishment of the Empire. With the History of Litera- 
ture and Art. By Dean Lidduli,. Fiftevnth Thousand. Woodcuts. 
12mo. 7s. Gd. 

MARKLAND’S (J. H.) Reverence due to Holy Places. Third 

Edition. Fcap. Svo. 2^. 

' MARRY AT’S (Joseph) History of Modern and Medificval Pottery 

and Porcelain. With a Description of the Manufacture, a Glossary, 
and a List of Monograms. Second Edition. Plates and Woodcuts. 
Svo. 31«. 6d. 

MATTHI.^’S (Augustus) Greek Grammar for Schools. Abridged 

^ from the I^ger Grammar. ByBlomfield. Ninth Edition. Revised by 
^ Edwards. 12mo. 3s. 

MAUREL’S (Jules) Essay on the Character, Actions, and Writings 
of the Duke of Wellington. Second Edition. Pcap. Svo. Is. Gd. 

M AWE’S (H. L.) Journal of a Passage- from the Pacific to the 

Atlantic, crossing the Andes in the Northern Provinces of Peru, and 
descending the great River Maranou. Svo. 12«. 

MAXIMS AND HINTS for an Angler, and the Miseries of 

Fishing. By Ricuard Frnk. New Edition. Woodcuts. 12mo. Is. 

MAYO’S (Dr.) Pathology of the Human Mind! Fcap. Svo. 5s. 6d, 

MELVILLE’S (Hermann) Typee and Omoo; or, Adventuros 
amongst the Marquesas and SouUi Sea Islands. 2 Vols. Post Svo. 

MENDELSSOHN’S (Felix Bartholdy) Life. By Jules Benbdiot. 

8vo. 25. 6d. 


LIST OF WORKS 


ii 


MEREDITH’S (Mrs. Charles) Notes and Sketches of New South 
^ Wales, during a Residence from 1839 to 1844. Post 8vo. 2«. 6d, 

— Jth Tasmania, during a Residence of Nine Years. 

With Illustrations. 2 Vols. Post 8vo. 18«. 

MEBPIFIELD (Mrs.) on the Arts of Painting in Oil, Miniature, 

Mosaic, and Glass ; Gilding, Dyeing, and the Preparation of Golouifi 
and Artificial Gems, described in several old Manuscripts. 2 Vols. Svo. 
30s. 

MIDDS (Arthur) India in 1858 ; A Summary of the Existing 

Administration — Political, Fiscal, and Judicial ; with Laws and Public 
Dopuments, from the earliest to the present time. Second Edition, With 
Coloured llevenuo Map. 8vo. 10s. 6J. 

MITCHELL’S (Thomas) Plafs of Aristophanes. With English 
Notes. 8vo.— 1. CLOUPS, 10s.~2. WASPS, 10s.--3. FROGS, Ifis. 

MILMAN’S (Dean) History of Christianity, from the Birth of 
Christ to the Extinction of Paganism in the Roman Empire. 3 Vols. 
avo. 36s. 

— History of Latin Christianity ; including that of the 

Popes to the Pontificate of Nicholas V. Second Edition. 61 Vols. Svo. 72s. 

Character and Conduct of the Apostles considered as 

an Evidence of Christianity. Svo. lOs. 6d. 

Tiife and Works of Horace. SVith 300 Woodcuts. 

Nevs Edition. 2 Vols. Crown Svo. 30«. 

Poetical Works. Plates. 3 Vols. Fcap. 8vo. 18«. 

Fall of Jerusalem. Fcap. 8vo. Is, 

(Capt. E. a.) Wayside Cross ; or, the Raid of Gomez. 

A Talc of the Carlist War. Post Svo. 2$. Bd, 

MODERN DOMESTIC COOKERY. Founded on Principles of 
Economy and Practical Knowledge, and adapted for Private Families. 
New Edition, Woodcuts. Fcap. Svo. bs. 

MOLTKE’S (Baron) Russian Campaigns on the Danube and the* 
Passage of the Balkan, 1828 — 9. Plans. Svo. 14«. 

MONASTERY AND THE MOUNTAIN CHURCH. By Author 

of '' Sunlight through the Mist.” Woodcuts. 16mo. 45. 

MOORE’S (Thomas) Life and Letters of Lord Byron. 6 Vols. 

Fcap. Svo. 185. 

— lAfc and Letters of Lord Byron. AVith Portraits. 

Royal Svo. 95. sewed, or 105. Gd. in cloth. ' 

MOZLEY’S (Rev. J. B.) Treatise on the Augustinian Doctrine of 

Predestination. Svo. 145. 

Primitive Doctrine of Baptismal Regeneration. 8vo. 

MUCK MANUAL (The) for the Use of Farmers. A Practical Treatise 
on the Chemic^ Properties, Management, and ApplicatiAi of Manures. 
By Frederick Falkker. • Second Edition, Fcap. 8vo. 65. 

MUNDY’S (Gen.) Pen and Pencil Sketches during a Tour 
In India. Third Edition, Plates. Post Svo. 75. 6d. 

MUNRO’S (General Sir Thomas) Life and Letters. By the Rev. 
G. R. Gleio. Post Svo. 65 . 



PUBLISHEl) BY MR. MURRAY. 


26 


MTJKCHISON’S (Sir Koberick) Kussia in Europe and^the Ural 
Mountains; Geologically Illustrated. With Coloured 
Sections, &c. 2 Vols. Royal 4to. V V' 

Siluria ; or, a History of the Oldest Rocks con- 

taining Organic Remains. Third Edition, Map and Plates. 8 to. 4^. 

MURRAY’S (Capt. A.) Naval Life and Services of Admiral Sir 

Philip Durham. ‘Svo. bs. Gd. 

MURRAY’S RAILWAY READING. For all classes of Readers. 


• [ The following are published: J 


WRLLineToir. By Lord EliiKikskk. 6d. 
Nxmrodontue Ciiask, 1«. 

Ebbays yrom “Thr Timrs." Syola. 8«. 
Mubic and Urbbr. 1<. 

La yard's Account ov N in bvru. S«. 
Miuman's Fall op Jkrusalkm. 1«. 
Mahon's “Forty-Fivr." 

Life of Thbodobr Hook. Is. 

Dbbdb of Natal Daring. 2 VoIb. &•. 
Thk Honby Bkb. Is. 

Jambs* /Esop'b Fa RLKS. ^$.Cul. 

Niairod on thb Turf. Is. (i<2. 
Olivant's Nkfaiil. 2s. G<I. 

Art of Dining. Is. firf. 

IJat.lam'b Litmrary Ebbays. 2s. 


AIahon'b Joan of Arc. Is. 

IJkau'b Emigrant. 2s. M. 

Nimrod on tub Road. Is. 

AVilkinbon's Anciknt Egyptians. 12s. 
Chokkr on thk Gkillotinr. Is. 
lloi-LWAv's Kohwat. 2s. 

Maurrl's Wrllington. Is.64. 
Campbkll'b Lifr of Bacon. 2s. 6d. 
Thk Flowkh Gardkn. is. 

Lockhart'b Spanish Ballads. Ss.Sd, 
Lucas on IIibtoiiv. (irf. 

Bbautikb op Uyuon. :is. 

Taylor's N'otkb prom Lipn. 2s. 
llKJECTKD AdORKSSPB. If. 

1'knn'b Hints ON Angling. Is.' 


MUSIC AND DRESS. Two Essays, by a Lady. * Reprinted from 
the “ Quarterly Keview.” Fcap. 8vo. 1«. 


NAPIER’S (Sir Wm.) English Battles and Sieges of the Peninsular 
War. Third Edition. Portrait. PostSvo. lOs.Grf. 


Life and Opinions of General Sir Charles Napier; 
chiefly derived from his .rournals, Letters, and Familiar Correspon- 
(hsuce. Second Edition. Portraits. 4 Vols. Post 8vo. 48s. 


NAUTICAL ALMANACK (The). Royal 8vo. Qd, {Published 

by AuHif'i'itg.) 

NAVY JJST (The Quarterly). {Published by AiUhority,) 

J’ost 8vo. 2s. (W. 

NELSON (Tlie Pious Robert), his Life and Times. By Rev. C. T. 

SiccHKTAN, M.A. Portrait. 8vo. 125. 

NEWBOLD’S (Lieut.) Straits of Malacca, Penang, and Singapore. 

‘2Vol,:.8vo. 26.V. 

NEWDEGATE'S (C. N.) Customs’ Tariffs of all Nations ; collected 

and arranged up to the year 1855. 4to. 305. 

NICHOLLS’ (Sir George) History of the British Poor : Being 

an Historical Account of the English, Scotch, and Irish Poor Law : in 
connection with the Condition of tiie People. 4 Vols. 8vo. 

The work may be had sipnrateli/ : — 

English Poor-Laws. 2 Vols. 8vo. 285. 

Irish Poor. 8vo. Scotch Poor. 8vo. 125. 


(Rev. H. G.) Historical and Descriptive Account 

of the Forest of Dean, derived from ‘^Personal Observation and 
other Sources, Public, Private, Legendary, and Local. Woodcuts, &e. 
l*ost 8vo. 105. Gd. 

NICOLAS’ (Sir Harris) Historic PeSrage of England. Exhi- 
biting, under Alphabetical Arrangement, the Origin, Descent, and 
Present State of every Title of Peerage which has existed in this 
Country since the Conquest. Being a ^ew Edition of the ** Synopsis of 
the Peerage." Itevised, Corrected, and Continued to the Present Time. 
By William Courtuopr, Somerset Herald. 8vo. 305. 



26 


LIST OF WORKS 


KlMROp On the Chacc — The Turf— and The Road. Reprinted 

n from the “ Quarterly Review.” Woodcuts. Fcap. 8vo. 35. 6d. 

O’CONNOR’S (R.) Field Sports of France; or, Hunting^ Shooting, 

and Fishing on the Continent. Woodcuts. 12mo. la.Qd. 
OLIPHANT’S (Laxjrenoe) Journey to Katmandu, with Yisit to 
the Camp of the Nepaulcse Ambassador. Fcap. 8vo. 25. Qd. • 
OWEN’S (Professor) hi anual of Fossil Mammals. Including the 

substance of the course of Lectures on Osteology and Pala 2 ontology ol 
the class Mammalia, delivered at the Metropolitan School of Science, 
Jeimyn street, llhuiitrations. 8vo. • the Press. 

OXEN HA M’S (Rkv. W.) English Notes for Latin Elegiacs ; designed 
for early Proficients in the Art of Latin Versification, with Prefatory 
Rules of Composition in Elegiac Metrdl 77iird MHion. 12mo. 45. 
PAGET’S (John) Hungary and Transylvania. With Remarks on 
their Condition, Social, Political, and Economical. Third Edition, 
Woodcuts. 2 V^ols. 8vo. 185. 

PARIS’ (Dr.) Pliilopophy in Sport made Science in Ear- 
nest; or, the First, Principles of Natural I’hilosophy inculcated by aid 
of the Toys and Sports of Youth. Eighth Ejdition. Woodcuts. 
Post 8 VO. 99. * 

PARKYNS* (Manrfibli)) Personal Narrative of Three Years* Resi- 
dence and Adventures in Abyssinia. Woodcuts. 2 Vols. 8vo. 8O5. 

PEEL’S (Sir Robert) Memoirs. Left in MSS. Edited by 
Eakl Stanuupf. and the Right lion. Euwaku Cabdwei.l. 2 Vols. 
Post 8vo. 75. 6d. each. 

PEILE’S (Rev. Hr.) Agamemnon and Choephoroe of Aeschylus. 

A New Edition of the Text, with Notes. H^tcond Edition. 2 Vols. 
8\'o. 95. each. 

PENN’S (Richarb) Maxims and Hints for an Angler, ‘and the 
Miseries of Fishing. To which i& added, Maxims and Hints for a 
Chess-player. Acio Edition. Woodcuts. Fcap. 8vo. I 5 . 

PENROSE’S (Rev. J oun) Faith and Practice ; an Exposition of the 

Principles and Ihitirsot Natural and Revealed Religion. Post 8vo. 8s. 6d. 

- (F. C.) Principles of Athenian Architecture, and the 

Optical Refinements exhibited in the Construction of the Ancient 
Rnildiifgs at Athens, Irom a Survey. With 40 Plates. Folio. 61.5s. 
{Published undtr the direction of the Dilettanti Society.) 

PERCY’S (John, M.D.) Metallurgy; or, the Art of Extracting 
Metals from tlieir Ores and adapting them to vaiious purposes nt Maim, 
facture. Illustrations. 8vo. [In the Press. 

PERRY’S (Sir Erskine) Bird’s-Eye Yiew of India. With Extracts 

from a Journal kept in the Provinces, Nepaul, Ac. Fcap. 8vo *65. 

PHILLIPS’ (John) Memoirs of William Smith, LL.D. (the Oec- 
logist). Portrait. 8vo. tls.6d. 

Geology of Yorkshire, The Yorkshire Coast, and the 

Mountain-Limestone District.* Plates 4to. Part 1., 205. -Part II., 305. 

Rivers, Mountains, and Sea Coast of Yorkshire, 

With Essays on tlie Climate, Scenery, and Ancient Inhabitants of the 
Country. Second Edition, with 30 Plates. 8vo. 15s. 

PHILPOTT’S (Bishop) Letters to the late Charles Butler, on the 

Theological parts of hu “ Book of the Roman Catholic Church ; ” with 
Remarks on certain Works of Dr. Milner and Dr. Lingard, and on some 
parts of the Evidence of Dr. Doyle. Second Edition, 8vo. IS 5 . 
PHIPPS’ (Hon. Edmund) Memoir, Correspondence, Literary and 
Unpublished Diaries of Robert Plumer Ward. Portrait. 2 Vols. 8vo. 285. 

POPE’S (Alexander) Works. An entirely New Edition. Edited, 

with Notes. 8vo. [/n the Press. 



PUBLISHED BY MR. MURRAY, 


27 


PORTER’S (Rev. J. L.) Five Years in Damascus. With Travels to 
Palmyra, Lebanon, and other Scripture Sites. Map and Woodcuts. 
. 2 vols. Post 8vo. 219. 

Handbook for Syria and Palestine : includingan Account 

» of the Geograpliy,'H iatory. Antiquities, and Inhabitants of these Countries, 

• the Peninsula of Sinai, Edom, and the Syrian Desert. Maps. 2 Vols. 
Post 8vo. 249. 

(Mrs.) Rational Arithmetic for Schools and for 

Private Instruction, ‘ 12mo. 39. 6d. 

PRAYER-BOOK (The Illustrated), with 1000 Illustrations of Bor- 

• dors, Initials, Vignettes, &c. Medium 8vo. Cloth, 219.; Calf, 319. 6d.; 

Morocco, 429. 

PRECEPTS FOR THE CONDUCT OP LIFE. Exhortations to 

a Virtuous Course and Dissuasions from a Vicious Career. Extracted 
froni the gcriplures.’ Second Edition. Fcap. 8vo. l9. 

PRIN SEP’S (Jas.) Essays on Indian Antiquities, Historic, 
Is'iimismatic, and Palicngraphic, with Tables, illustrative of Indian 
History, Chronology, Modern Coinages, Weights, Measures, «&c. 
Edited by Edward Thomas. Illustrations. 2 Vols. 8vo. 52s. iid. 

PBOGKKSS OP RUSSIA IN THE EAST. An Hi|torical Sum- 

mary, continued to the Present Time. With Map by Arbowbmith. 
Third Edition. 8vo. 69. 6d. 

PUSS IN BOOTS. With 12 Illustrations; for Old and Young. 

By Otto Specktek. A New Edition. 16mo. Is. 6d. 

QUARTERLY REVIEW (The). 8vo. 6s. 

RANKE’S (Leopold) Political and Ecclesiastical History of the 
Popes of Home, during tbo Sixteenth and Seventeenth Coutnries. Trans- 
lated fi'om the German by Mbs. Austin. Third Edition. 2 Vols. 8vo. 249. 

RAWLINSON’S (Rev. George) Herodotus. A New English 

Version. Edited with Notes and Essays. Assisted by Sm Henby 
Kawlinson and Sir J. G. Wilkinson. Maps and Woodcuts. 4 Vols. 
8vo. 189. each. 

Historical Evidences of the truth of the Scripture 

Kecords stated anew, with .‘»pecial reference to the Doubts and Discoveries 
of Modern Times*; bciii.-^ the Bampton Lectures for 1859, 8vo. 11.^'. 

. REJECTED ADDRESSES (The). By James and IIoraob Smith. 

With Biographies of the Ai^thors, and additional Notes. New Edition, 
with the Author's latest Corrections, Feup. 8vo. Is., or Fine Paper, with 
I’ortrait. Fcap. 8vo. Bs. 

RENNIE’S (James) Insect Architecture.^ To. which are .adde^ 

Chapters on the Ravages, the Preservation, for Purposes of Study, and 
the Classilication of Insects. New Edition, Woodcuts. Post8vo. 59. 

RICARDO’S (David) Political Works. With a Notice of his 

Life and Writings. By J. R. M'Culloch. New Edition. 8vo. 169. 

RIPA’S (Father) Memoirs during Thirteen Years’ Residence at the . 
Court of Peking, in the Service of the Emperor of China. Translated 
from tlie Italian. By Fobtunato Pbandi. Post S^o. 29. 6d. 
ROBERTSON’S (Rev. J. C.) History of the Christian Church, From 
the Apostolic Ago to the Pontificate of Gregory tho Great, a.d. 690. 
Second and Revised Edition. Vol. 1. 8vo. 169. 

Second Period, from a.d. 590 to the Concordat of 

Worms. A.D. 1123. Vol; 2. 8vo. 189. 

Becket, ^chbishop of Canterbury; a Biography. 

Illustrations. Post8vo. 99. 

ROBINSON’S (Rev. Dr.) Biblical Researches in the Holy Land. 
Being a Journal of Travels in 1838, and of Later Kesearches in 1862. 
With New Maps. 3 Vols. 8vo. 869. 

Tkt “ Laier Researcltea'^ may be had separately. %vo. 16». 



28 


LIST OP WORKS 


BOMILLY’S (Sir Samuel) Memoirs and Political Diary. By his 

SoKS. Third Edition. Portrait. 2Yols. Pcap. 8vo. 12«. 

BOSS’S (Sir James) Voyage of Discovery and Research in the 
Southern and Antarctic Kegions during the years 18^39-43. Plates. 
2Yols.8yo. 36s. • 

ROWLAND’S (David) Manual of the English Constitution; a 

Review” of its Rise, Growth, anti Present State. ]*oat 8vo. 10#. 6<A 

RUNDELL’S (Mrs.) Domestic • Cookery, founded on Principles 
of Kcouomy and Practice, and adapted for Private Families. Xew and 
lievised Edition. Woodcuts. Fcap. 8vo. 5#. o 

RUSSIA ; A Memoir of the Remarkable Events which attended 

the Accession of the Emperor Nicholas. By Bakun M. Kukkk, Secretary 
of State. 8vo. lOs. 6d. {Puhlished by Imperial Command.) 

BUXTON’S (Gkorob P.) Travels in M^ico ; with Adventures 
among the Wild Tribes and Animals of the Prairies and Rocky Moun- * 
tains. Post 8vo. 6#. 

SALE’S (Lady) Journal of the Disasters in Affghanistan. Eighth 

Edition. Post 8vo. 12#. 

: (Sir Robert) Brigade in Affghanistan. With an Account of 

the Seizure and Defence of J ellalabad. By Rev.G.R.Glktq. Post 8vo.2#.6d. 

SANDWITH’S (Humphry) Narrative of the Siege of Kara 

and of the Six Months’ Resistance by the Turkish Garrison under 
General Williams. Seventh Thousand. Post 8vo. 3#. 6rf. 

SCOTT’S (G. Gilbert) Remarks on Secular and Domestic 

Architecture, Present and Future. Sscond Edition. 8vo. 9#. 

SCROPB’S (William) Days of Deer-Stalking in the Forest of Atholl ; 
with some Account of the Nature and Habits of the Red Deer. Third 
J^ition. Woodcuts. Crown 8vo. 20#. 

Days and Nights of Salmon Fishing in the Tweed; 

with a short Account of the Natural History and Habits of the Salmon. 
Second Edition. Woodcuts. Royal 8 vo. 31#. 6d. 

(G. P.) Memoir of Lord Sydenham, and his Administra- 

tion in Canada. Second Edition. Portrait. 8vo. 9#. 6cf. 

— 2 Geology and Extinct Volcanos of Central France. 

Sncfmd Edition, revised and enlarged. Illustrations. Medium 8vo. 30#. 
SHAFTESBURY (Lord Chancellor), Memoirs of hi.s Early Life. ^ 

With his Letters, Speeches, and other Papers. By W. D. Ciiuistik. 
Portrait. 8vo. 10s. Gd. 

SHAW’S (Thos. B.) Outlines of English Literature, for the Use of 

* Young Students. Pest 8vo. 12#, 

SIERRA LEONE ; Described in a Series of Letters to Friends at 

Home, By A Lauv. Edited by Mr.s. Norton, Post 8vo. 6#. 

SMILES’ (Samuel) Life of George Stephenson. Fifth Edition. 

Portrait. 8vo. 16#. 

Story of the Life of Stephenson. With Woodcuts.^ 

Fifth Thmisand.^ Post 8vo. C#. 

_ Self Help. With Illustrations of Character and Conduct.^ 

Post 8vo. 6s. 

SOMERVILLE’S (Mart) Physical Geography. Fouriih Edition. 
Portrait. PostSvp. 9#. * 

— Connexion of the Plwsical Sciences. Ifinth 

Edition. Woodcuts. PostSvo. 9#. • 

SOUTH’S (John F.) Household Surgery ; qr. Hints on Emergen- 
cies. Seventeenth Thousand. Woodcuts. Fcp. 8vo. 4«. Qd. 
SOUTHEY'S (J^bbrt) Book of the Church ; with Notes contain- 
ing the Authorities, and an Index. Seventh Edition. Post 8vo. la. 6d. 

- — Lives of J ohn Bunyan & Oliver Cromwell. Post 8vo. 2«.6ef. 




PUBLISHED BY MR. MUBlfAY. 


• 

SOUTH’S (Wm., LL.D.) Dictionaiy of Greek and Boman Anti- 

• k quities. Second Editim. With 600 Woodcuts. 8vo. 42a. 

Smaller Dictionary of Greek and Roman Antiquitres. 

Abridged from the above work. Fourth Edition, With 200 Woodcuts. 
Crown 8vo. 7a. Gd. 

■ Dictionary of Greek and Roman Biography and My- 

•thology. With 600 Woodcuts. 3 Vols. 8vo. 51. 16a. 6d. 

Dictionary of Greek and Roman Geography. With 

Woodcuts. 2 Vols. 8vo. 80a. 

^ ^ Atlas of Ancient Geography. 4 to. [Jn preparation. 

Classical Dictionary for the Higher Forms in Schools. 

Compiled from the above two works. Fifth Edition, With 760 Wood- 
cuts. Svo. 18a. 

Smaller Classical Dietknary. Abridged from the 

above Avork. Fifth Edition. Wltli^OO Woodcuts. Crown 8vo. 7a. 6ff. 

Latin - English Dictionary. Based upon the Works 

of Forcellini and Freund. Sevmth Thousand. 8vo. 21a. 

Smaller Latin-English Dictionary. Abridged from the 

above work. Sixtuenth Thousand. Square 12mo. 7a. Gd. . 

English-Latin Dictionary. Svo. & 12mo. [In preparation. 

Mediaeval Latin-English Dictionary. Selected from the 

great work of Due AN OB. 8vo. [In preparation. 

Dictionary of the Bible, including its Antiquities, Bio- 

graphy, Geography, and Natural History. Woodcuts. Yol. 1. 8vo. 42a^ 

[^Nearlff ready. 

Gibbon’s History of the Decline and Fall of the 

Koman Knipire. Edited, with Notes. Portrait and Map. 8 Vols. Svo. 
60a. (Murray’s British Classics.) 

Student’s Gibbon; being the History of the Decline 

and F.all, Abridged. Incorporating the Researches of Recent Com- 
mentators. Sixth Thousand. Woodcuts. Post Svo, 7a. Gd. 

Student’s History of Greece ; from the Earliest Times to 

tbo Roman Conquest. AVith tho History of Literature and Art, Twentieth 
Thousand. Woodcuts. Crown Svo. Ts.Gd, (Questions. 12mo. Sia.) 

Smaller History of Greece for Junior Classes. Wood- 

cuts. 12mo. 3a. Gd. 

Student’s Hume. A History of England from . the 

Inv.'isioii of Julius Cinsar. Ba^ed on Hume’s History, and conti- 
nued to 185^. Tenth Thousand. Woodcuts. Post Svo. 7a. Gd. ^ 

Student’s History of Rome ; from the Earliest Times to 
the Establishment of the Empire. With the History of •Literature 
and Art. By H. G. Liddbi.l, D.D. Fifteenth Thousand. Woodcuts. 
Crown Svo. 7a. Gd. 

Principia Latina ; a First Latin Course, comprehending 

Grammar, Delectus, and Exercise Book, with Vocabularies, for the 
lower forms in Public and Private Schools. 12mo. 3a. Gd. 

Principia Grajca ; an Introduction to the Study of Greek. 

Comprehending Grammar, Delectus, and Exercise-book with Vocabula- 
ries.® For the Lower Forms. By U. B. IIuttok, M.A. 12mo. 2a. Gd. 

— (Wm. Jas.) Grenville Letters and Diaries, including 
Mb. Gbenvillb’s Diaby of Political Events, while First Lord of 
the Treasury. Edited, with Notes. 4 Vols. Svo. 64a. 

(Jambs & Horace) Rejected Addresses. TwerUy-UUrd 

Edition, Fcap. Svo. la., or Finai^per. withPortrait. Fcap. Svo. 6a. 

(Thomas Assheton) | Reminiscences of his Life and 

Pursuits. By Sib Eabdlby WxlmotI Illustrations. Svo. 



30 


LIST OP WORKS 


SPECKTER’S (Otto) Puss in Boots, suited to the Tastes of QJd 
and Young. A New Edition. With 12 Woodcuts. Square 12n[io. Is. 6d. 

Charmed Roe ; or, the Story of the Little Brother 

and Sister. Illustrated. 16mo. 

STANLEY’S (Rev. A. P.) Addresses and Charges op the Late 
Bishop Stanley. With a Memoir of his Life. Second Edition. 8vo AOs. 6^ 

—jt Sermons preached in Canterbury Cathedral, on the 

Unity of Evangelical and Apostolical Teaching. Post 8vo. Ts. 6d. 

Commentary on St. Paul’s Epistles to the Corin- = 

thians, vith Notes and Dissertations. Second, and revised Edition. 8vo. 18s. 

Historical Memorials of Canterbury. The Landing of* 

Augustine — The Murder of Becket— The Black l*rince — The Shrine of; 
Becket. Third Edition. Woodcuts. Post 8vo. 7s. 6d. 

Sinai and Palestine; in Connexion with their Histoiy. 

Sixth Edition. Map. 8vo. 16s. 

ST. JOHN’S (Charles) Wild Sports and Natural History of the 

Highlands. Post 8vo. 6s. 

— , (Batle) Adventures in the Libyan Desert and the 

Oasisof Jupiter Ammon. Woodcuts. Post8vo. 2s. 6d. 
STEPHENSON’S (George) Life. The Railway Engineer. By 
Samuel Smiles. Fifth Edition. Portrait. Svo. 16s. 

• The Story of his Life. By Samuel Smiles. Fifth 

Thousand. Woodcuts. Post Svo. 6s. 

STOTHARD’S (Thos., R. A.) Life. With Personal Reminiscences. 

By Mrs. Bray. With Portrait and 60 Woodcuts. 4to. 

STREET’S (Q. E.) Brick and Marble Architecture of Italy, in the 

Middle Ages. Plates. 8vo. 21s. 

STRIFE FOR THE MASTERY. Two Allegories. With lUus- 

trations. Crown Svo. 6s. 

SWIFT’S (Jonathan) Life, Letters and Journals. By John ' 

Forster. Svo. In Preparation. 

Works. Edited, with Notes. By John Forster. Svo. . 

In Preparation. 

SYDENHAM’S (Lord) Memoirs. With his Admini^ration in 

Canada. By G.FouletScrope,M.P. Second Edition. Portrait. Svo. 9s.6(f. 
SYALE’S (Jas.) Principles of Surgery. Fourth Edition. Svo. 14a. 
TAYLOR’S (Henry) Notes from Life. Fcap Svo. 2«. 

(J. E.) Fairy Ring. A Collection of Stories for Young 

Persons. From the German. With Illustrations by Richard Doyle. 
Sedtmd Edition. Woodcuts. Fcap. Svo. * 

TENNENT’S (Sir J. E.) Christianity in Ceylon. Its Introduction 
and Progress under the Portuguese, Dutch, British, and American Mis- 
sions. With an Historical Sketch of the Brahmanical and Buddhist 
Superstitions. Woodcuts. Svo. 14s. 

THOMSON’S (Dr. A. S.) Story of New Zealand ; P^st and Present 

—Savage and Civilised. Maps and Illustrations. 2 Vols. Post Svo. 24a. 

THREE-LEAVED MANUAL OF FAMILY PRAYER* arranged 

so as to save the trouble of turning the Pages backwards and forwards. 
Royal Svo. 2s. 

TICKNOR’S (George) History of Spanish Literature. With Criti- 
cisms on particular Works, and Biographical Notices of Prominent 
Writers. Second Edition. 3 Vols. Svo. 24s. 

TOCQUEVILLE’S (M. j>b) State of France before the Revolution, 

1789, and on tiie Carnes of that Event. Translated by Hbnrt Reeve, 

Esq. Sto. 149. 



PUBLISHED BY MR. MURRAY. 


31 


TREMENHEERE'S (II. S.) Political Ezperieace of the Ancients^ 

in its beaming on Modem Times. Fcaj>. 8vo. 2s. 6d. 

Notes on Public Subjects, made daring a 

Tour in the United States and Canada. Post 8vo. -• 10s. 6d^ 

— • — — • Constitution of the United -States compared 

vithourown. PostSvo. 9s. 6d. 

TWISS’ (Horace) Public* and Private Life of Lord Chancellor Eldon, 
with Selections from his Correspondence. Portrait. Third Edition. 
2 Vols. Post 8vo. 21s. 

TYNDALL’S (John) ^Glaciers of the Alps. Being a Narrative of 
various Excursions amon^ them, and an Account of Three Years’ 
Observations and Experiments on their Motion, Structure, and General 
Phenomena. Post 8vo. In the Press. 

T YTLER (Patrick Fraser), A Memoir of. • By his Fnend, Rev. 

J. W. PiTRaoN, M.A. Second Edition. 8vo. 9s. 

UBICINPS (M. A.) Letters on Turkey and its Inhabitants— the 

Moslems, Greeks, Aniienians, &c. Translated by Lady Eabthopb. 
2 Vols. Post Svu. 21s. • 

VAUGHAN’S (Rev. Dr.) Sermons preached in Harrow School. 

8vo. 10s. 6(i. 

New Sermons. l2mo. Ss. 

VENABLES’ (Rev. R. L.) Domestic Scenes in Russia during a 
Year’s ltesidence,«chiotly in the Interior.. Second Edition, Post 8vo. 6s. 

VOYAGE to the Mauritius and back, touching at the Cape of Good 

II opo, and St. Helena, lly Author of “ Paddiana.” PostSvo. 9s, 6d, 

WAAGEN’S (Dr.) Treasures of Art in Great Britain. Being an 
Account of the Chief Collections of Paintings, Sculpture, Manuscripts, 
Miniatures, &c. &c., in this Country. Obtained from Personal Inspec- 
tion during Visits to England. 3 Vols. 8vo. 36s. 

. Galleries and Cabinets of Art in England. Reing 

an Account of more than Forty Collections, visited in 1854>66 and 
never before described. With Index. 8vo. 18s. 

WADDINGTON’S (Dean) Condition .iund Prospects of the 

G reek Church. New Edition. Fcap. 8vo. 3s. 6d. 

WAKEFIELD’S (E. J.) Adventures in New Zealand. With 
some Account of the Beginning of the British Colonisation of the 
Island. Map. 2 Vols. 8vo. 28s. 

WALKS AND TALKS. A Story-book for Youn^ Children. By 

Aunt Ida. Wi0i Woodcuts. 16mo. 6s. 

WARD’S (Robert Plumer) Memoir, Correspondence, Litefaiy and 
Unpublished Diaries and Remains. By the Hon. Edmund Phipps. 
Portrait. 2 Vols. 8vo. 28s. 

WATT’S (James) Life. Incorporating the most interesting pas- 
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